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PREFACE 



This, the Fifth Yearbook of the Association for the Education of 
Teachers in Science, was initiated during and reflects the spirit of our 
Bicentennial Year. It contains personal reflections on the historical 
background and perspectives regarding the growth and devLlopment of 
science education in the United States. AETS President, Patricia 
Blosser, solicited contributions from science educators who have pro- 
vided long and valuable service to science education. They are science 
educators who have recently retired or who approach that point in their 
professional careers. Included are educators who have been first-hand 
participmts in and observers of the grov/tli and development of science 
education and v/ho have witnessed or have been integral parts of curricu- 
lum development movements such as Progressive EducatiDn, Life Adjustment, 
or post-Sputnik activity. These e iucators have had unique experiences 
which give perspective to what has happened and pt^rhaps should happen in 
science education. • . 

Obviously the pool of science educators as potential contributors 
-was larger than those included in this Yearbook. An attempt was made to 
solicit authors who represented various aspects of .science education and 
science education programs at major institutions. Of the 26 science 
educa'tors initially contacted, 19 indicated a willingness to prepare * 
material for this Yearbook. The others, for a variety of rt.asons, declined 
the invitation. In no way should it b^ interpreted that the included 
authors i;epresent all vhc have maf*c significant contributions to sciepce 
education. 

The only conditions imposed on the authors wore a length limitation 
and a stated deadline. The authors were asked to reflect on science 
education from their perspective, in terms of its growth and development, 
the changes which have occurred, and finally what they might see for the 
future of science education. 

An oovious concern of the editor was the possibility of a great deal 
of overlaj. in the materials, but as the reader will find this was not 
"borne out. The approaches and content of the authors' materials varied 
a great deal, including perspectives ranging from degrees of optimism to 
pessimism regarding the past and future of science education. 

President Blosser felt that this Y'earbook would fill a definite need 
by collecting in a single volume the historical perspectives of a number 
of eminent science educators. I believe that the need has been fulfilled 
and that current and future science educators should find it an invaluable 
resource . 

I wish to thank the authors who were willing to put their personal 
reflections of science education to paper for inclusion for Uiis Yearbook. 
I also wish to thank Patricia Blosser for the opportunity to serve as 
editor for the Yearbook and a special thanks to the ERIC-SMEAC staff in 
preparing the finished manuscript for publication. 



Robert L. Steiner, Editor 
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INTRODUCTION 



The incfcduction section in the preceding AETS Yearbook 
witl; the statement, *'The science education scene is a changii 
Few v/ill take issue with this view. Because it is a changing scene 
wt> need to be able to decide whether things, when they happen in the 
future, are really new events or whether they really have occurred 
before, in some slightly modified form. In The Tmpest, Shakespeare 
has one of his characters (Antonio) say, in Act II, Scene I, . . 
what's past is prologue, what to come is your and my discharge." 

The science teacher education community as exemplified by the 
Association for ''he Education of Teachers in Science has relativeljj 
little written history othev tnan that which can be found in some 
the yearbooks of the National Society for the Study of Education 
(NSSE) or which can be inferred from literature reviews in some 
doctoral dissertations. The focus of Science Teacher Education; 
Vantage Point 1076 was the future of science education as seen by 
the contributors to that volume. 

It is hoped that Science Education; Fast or Prologue will prove 
a worthy companion volume. In this Yearbook persons who have been 
active in science education over the past 25 or mere years have 
contributed their personal recollections about changes (or lack of 
them) which they have seen in science teacher education or in 
curriculum and instruction in science. 

I am grateful that these persons were willing to share their 
expertise md personal experiences with us. Hay you enjoy reading 
the chapters as much as I did when I received each of them. 



Patricia E. Blosser 

AETS President, 1976-1977 
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«7. Darrell Barmrd was born in Colorado in 1906 where he acquired 
his elementary and secondary education. He was awarded nis A.B. 
in 1931 a7zd his A.M. in 1934 from Colorado State College. His 
PJl.D. was granted from New Yoi-^k University in 1941. 

Dr. Barnard served as a teacher and later as an administrator 
in Colorojd.o public schools between 1926 and 1936 and as an 
instructor* in the laboratory school at Colorado Stat3 College 
between 1936 and 1938. He returned to Colorado State College 
in 1944 as CJnirmar of the Division of Science and Mathematics 
after having served as a consultant with the Kellogg Foundation 
and two years with the United States Amy in Bombardier Training. 
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which he returned to his doctoral-granting institution^ New York 
University^ where he remained imtil his retirement in 1973. He 
served as Chairman ^of the Department of Science and Mathematics 
Education from 1953 until 1971. He currently holds tk^. rank of 
Professor EmeriPus at New York University. 

Dr. Barnard has been active in numerous professional organiza- 
tions including AETS, NAKST, NSTA, NSSE, NABT^ and AMS. He 
was selected as a AAAS fellow and served as president of NARST 
in 1953 and as president of NSTA in 1962^ 
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authored an elementary and junior high school science series 
and served as Associate Director of the COPES Project from 
1962 until 1976. 
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of the Abraham M. Weckstein Memorial Lecture at New York 
University and was presented the New York University Distin- 
guished Alumni Achievement AQord in 1972. His service was 
also recognized by the National Science Teachers Association 
with the^ PJSTA Distinguii^hed Service Award in 1970. 
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YEARS OF TiACi-ER EiX)O\TI0N 
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In our efforts as science teachers, teachers of science teachers, 
or teachdrs of teachers of science teachers, each operates from a 
frame of reference that is highly individual. We may subscribe to 
a point of view generally supported by other science educators; how- 
ever, our interpretation of it as well as both the manner and the 
commitment with which, we apply it are uniquely our own. For* this 
reason there have been, and V7ill continue to be, as many approaches 
to the education of science teachers as there are persons practicing 
the art. It is with this in mind that I shall attempt to write about 
the education of science teachers as I have experienced it during a 
27-year period, 1936-1971. 

THE BEGINNING x^OR ONE SCIENCE EDUCATOR 

During the 1930s two major events captured the imagination of 
those who were looking for more reasonable aud effective v/ay.s of 
educating young people in science and of preparing prospective 
science teachers to assume an appropriate role in that cnallenging 
enterprise. The first event was the publication of Part I of the 
National Society for the Study of Education's (NSSE) Thirty-First 
Yearbook entitled A Program for Teaching Science (1). It presented 
a rationale and a general plan for the development of science pro- 
grams in schools and the first two years of college that V7ere widely 
accepted by science educators in this country. The second event was 
a well-or.ganized and highly active promotion of curriculum revision 
by the Progressive Education Association (PEA). Throu^',h its publi- 
cations and curriculum experimentation the association exercised 
considerable influence upon a number of school systems. 

Some of us, who were in the formative stages of becoming 
science educators, were strongly influenced by these two events. 
A few were privileged to do our graduate work with professors who 
were responsible for the Thirty-First Yearbook. Some of us also 
became participants in curriculum innovation as sponsored by PEA. 
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Tlirough these experiences we came to believe strongly in the 
following: 

1. Schools should make a major contribution tc the total 

development of children and adolescents. 
^2. Each school subject should have a unique role to play 

in the lives of young people at different developmental 

stages . 

3. Science in the schools should contribute to the development 
of students by helping them 

a* to exercise critical thinking in dealing with .real 
problems > and 

b. to understand those science principles having broad 
application in their daily lives. 

Foi one who had been brought up to accept science as a body 
of subject matter that was only incidentally related to the ongoing 
lives of people, it became a challenge to think of science as a 
school subject that should serve young people by making their lives 
more meaningful. It was a challenge wl n, as a teacher, one was 
faced with the task of helping students identify problems that vjerc 
not only real to them but which required science to understand the 
problems better. It was a challenge to help students develop the 
techniques, to find the resources to deal with their problems, and 
'to exercise safeguards that would make their efforts productive. 
It was a challenge to make certain that the appropriate science had 
been exploited in dealing with the problems. It was a cnallenge to 
find valid*ways to evaluate student development and achievement in 
self-directed problem solving. It was a challenge to continue one's 
belief in this as a valid approach to education in the sciences when 
formerly respected professors of science denounced such an approach 
as heresy and its practitioners as "dopes.** 

Those of us who survived the struggles of implementing these 
points of view generally agreed that, by this approach, we had 
witnessed changes in students that had never been observed under 
the "traditional approach*' to teaching science. We became so strongly 
committed to this as a way of education that we were accused of being 
cultish. Be that as it may, many of us were offered teacher-of- 
teachers positions in colleges. The offers were based primarily upon 
our recognized success in working with students in courses where 
problem solving and "pupil-teacher planning" were the exclusive 
approaches . 

BECOMfNG A TEACHER OF ITEACllERS OF SCIENCE 

The challenges we had faced as science teachers in developing 
the "new" science programs in the schools were relatively simple 
compared with. those we encountered in performing our duties at the 



4 

11 



college level. Ther>i was the challenge of finding ways in which wo 
could exert: leadership from the college level that would bring about 
the changes in science curricula which our earlier experiences in 
the schools had convinced us were so desirabJe. Then there were 
the problems of redirecting college programs in ways that would 
prepare )ur students ro become teachers who could implement "new** 
science , curricula:! such as we envisioned for all schools, 

llie PM-Tyj^e Worksliop 

During our earlier experiences ia introducing ways of bringing 
aboi t curriculum changes in the schools and helping teachers to 
implement thos^e changes, we had been introduced to the concept of 
in-service workshops for administrators and teachers as effective 
ways of bringing about the desired change. Here is where the 
^'workshop" idea in teacher education originated and it was quite 
different f'.om the way in which the workshop idea is applied today. 

In the 1930s ;'7orkshops were generally, but not exclu5;ively , 
sponsored by colle^ ,s. They were designed primarily to assist the 
participants from one more school systems in developing more 
dynamic points of view regarding what the educational programs in 
their schools should be achieving, .Once this was accomplished 
workshop participants were then given assistance in designing 
curricula and courses that would implement the point of view. One 
basic assumption underlyi/fig this approach was that fundamental 
changes in a school's curriculum should take place by democratic 
processes involving those teachers who will be responsible for 
implementing the changes. In other words teachers must play an 
active role in deciding what changes should be made. These work-- 
shops were staffed by educational philosophers, specialists in 
child and adolescent psychology and subject-matter specialists, 
curriculum specialists, and master teachers. Primary criteria in 
selecting staff personnel were that they should be amenable to a 
democratic-dynamic approach to curriculum development and possess 
the capacity to relate ::o teachers and their problems in ways that 
develop mutual respect. 

In the workshops the staff spent most of its time in working 
with individuals or small groups in which the teacher participants 
asked most of the questions and the staff assisted them in v/orking 
out solutions that would be appropriate in bringing about changes 
in their schools. Most such workshops took place during "a six- 
to eight-week summer session. They were frequently conducted in 
facilities provided by one of the participating schools. In some 
workshops elementary and secondary students played an active role. 
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During the academic year following a workshop, selected staff 
frequently became consultants and visited teachers in their schools 
to give them follow-up assistance with their plans to modify courses 
and methods of te aching • Frequently a -summer workshop would be 
followed by another, a year later. This was^ done to give the pre- 
vious summer's participants an opportunity '\^o work upon implementation 
problems which they had' encountered and to. firfFu*p their future plans. 
Curriculum development was viewed as an ongoing process, subject to 
changes from time to time as the need for change was indicat>ed. 

A number of administrative problems facar' ^ )onents of 
workshops such as those described above. Fir .. .1 assistance had 
to be obtained from participating schools r^nd private foundations. 
In the beginning many colleges did not 190k with favor upon proposals 
to give workshop participants academic credit for what* the colleges 
considered to be unscholarly work. Some even questioned the academic 
qualifications of a workshop staff selected by the criteria mentioned 
earlier. 

As one who served as a director and a staff member of several 
workshops such as those described above and as one who served as 
a curriculum consultant to dozens of schools and hundreds of teacher' , 
I developed strong biases supporting the local, indigenous approach 
to^ :urriculum development and change. The fact that the excellent 
starts which a number of schools achieved in the 1930s eventually 
petered out was accounted for by the fact that certain basic propo- 
sitions in maintaining curriculum change were largely ignored. One 
was that teachers must initiate and sustain change. The second was 
that school systems must select *^teachers who a a amenable and then 
provide the inducement for them to become continually involved. 
The third was that professional schools for teacliers must prepare 
teachers who are not only competent to teac . but who possess the 
prerequisite competence for such curriculum wotk. Furthermore, 
they should provide those curriculum services to schools which 
professional schools are uniquely qualified to supply. Unless 
these conditions exist, local schools are doomed to the practice 
of selecting curricula developed by others and hoping that their 
teachers will implement them in those ways in which the d(*velopers 

consider to be most effective in educating childreui 

[ 

Ex{:)eriences in a 1 Progressive 
Experimental Schpol 

Two years as a science teacher in a progressive, highly 
experimental laboratory school associated with a western college 
of education provided challenging and formative experiences for 
me as I looked forward to a career in science education. Many 
times during the first year I would have given up had it not Been 
for colleagues who were m,ost helpful in my initial strugg],es to 




teach adolescents in a social studies-literature-science unified 
program. In this program 3 teachers and 60 adolescents, ranging 
ill age from 15 to 18 years, developed a number of short-term problem 
units based upon the interests of the adolescents and' the assumed 
competency cf the tochers. There were three problem units under 
investigation during each six-vzeek period. Each unit was developed 
as a cooperative effort by students and a teacher. At the conclusion 
.of each six-week period a review and evaluation forum was conducted 
with both students and teachers participating. After the forum, 
students selected another problem unit of interest for investigation 
during the next six-week period. For the program to succeed, it 
was highly essential that teachers developed an understanding of 
students that went much deeper tl\an their academic abilities. 
Furthermore, teachers repeatedly had to venture into problem areas 
which were quite different from those usually included in their 
subject , areas . In cooperation with students, teachers located 
resources and prepared matei;ials for use in the -investigation of 
each .problem unit. Student progress was assessed in terms of the 
manner in which the students applied themselves to the investigation 
of selected problems and to the organization of relevant ideas. 

None of' us had had training for working with students in such 
an undefined, open program of study. None had had the experience 
of applying- the subject matter and study skills of his speciality 
to the type of problems suggested by these students for investi- 
gation. None of us had been prepared to evaluate student achieve- 
ment based solely upon investigatory skills, attitudes, and work 
habits as demonstrated in day-to-day behavior. As mentioned earlier 
it took a great deal of support from colleagues, especially the 
director, to keep me afloat during the first year. Never have I 
worked harder or received more satisfaction from my efforts as a 
teacher. I knew that what we were doing was making a difference 
in the lives of the 60 adolescents with whom we worked for two 
hours every day. 

Graduate Study vath 
One of the Gineats 

For me the unified atudy experience, described above, was 
followed by two years of graduate work with one of the principal 
contributors to the Thirty-First Yearbook, Professor Charles J. 
Pieper. He was .a scholarly and effective proponent of the point 
of view that a study of science, particularly for grades 7, 8, and 
9, should contribute to specific human behaviors. He considered 
the behaviprs, in general, to be of two kinds: 1) behaviors which 
satisfy mental curiosity' concerning phenomena and applications in 
the field of science^ — that is, the purely intellectual adjustments 
to the environment; and 2) behaviors which represent the practical 
adjustments to the environment. He considered the desirable 




adjustments to include those which young people and adults actually 
do make or try to make in the unspecialized activities of life and 
also those which, upon the basis of education in science, they are 
able to make. He involved bis graduate student in preparing compre^ 
hensive lists of the major aspects of the environment in which 
problematic situations require intelligent adjustment. He delineated 
criteria by which selection of adjustments to be developed by studyin3 
science should be made. Under his supervision many of his doctoral 
students undertook research studies designed to determine -items of 
scientific knowledge and problem-solving skills that would^help young 
people and adults make the adjustments. 

This great professor^s point of view, and the methods he pro^ 
posed for implementing it, provided ^r me a more organized approach 
to curificulum development in which science was related to the lives 
of young people than was provided by the laboratory-school approach 
described earlier. The laboratory-school approach vas more sponta- 
neous and opportunistic. However it did have the advantage of 
imolving young people in thinking about problems, selecting those 
which they would like to investigate, and planning with their teacher 
how the investigation would be conducted. The "educational benefits 
derived from such an^appL'oach ha\/e been demonstrated again and again 
by those teachers who have been willing to give the time and effort 
that are needed to make it work. 



ADMINISTERING PROGRAMS FOR 
EDUQVriNG SCIli\CE TEAQIERS 

Hopefully this sketchy ba-^kground V7ill give the reader some 
idea of those experiences which Ij consider to have had great influ- 
ence upon shaping my point of view and developing the skills with 
which I approached a position in science education at New York 
University where I later became chairman of the Department of Science 
Education, In^ this position I was expected to provide leadership 
in designing science courses for "education" students and plannjji^^^ 
undergraduate programs for the education of prospective science 
teachers and graduate programs' for science educators, I was 
involved in this work over a period of 25 years. Although I con- 
sidered myself to be progressive in point of view, 1 have compromised 
many times wherever it seemed desirable in order to achieve goals for 
the common go'^d. 

The remainder of this chapter will deal with the education of 
science teachers based upon my experience since 1947, 
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In 1947 veterans from World War II were still returning in large 
numbers to colleges. Many who sought admission into our department 
had not complete.^ their undergraduate work before entering the armed 
services. A 3arge proportion of them had poor academic records. 
Some had even "flunked out." Now as they were returning to civilian 
life they were determined to be admitted to a college program that 
would qualify them for teaching positions in science^ Since those 
with such records failed to meet admission standards other means 

for screening then were instituted. These included a standardized ' 
text of academic ability and an extensive personal conference with 
a member of the science education staff. I reviewed the records 
and conferred with approximately 100 of these young men. I have 
always felt that the four years I spent in the Air Force during 
World War H aided me greatly in conducting conferences with these 
men and in making judgments regarding their qualifications to under- 
take additional college work that would prepare them to be science 
teachers. Over 90 percent of those who were screened by me were 
eventually admitted. All completed their degrees and some with 
distinction. Without exception they were above average in their 
performance as student teachers. 

Reactions to Admission Requirements - | 

Tho experience related above has made it impossible for me to 

accept prior academic achievement and other so-called objective 

evidence as the only criteria by which judgments are made regarding \ 

admission to professional programs for the education of science | 

teachers. The oui-of-school experiences of an individual, his * ! 

personal evaluation of those experiences, his concept of teachers , j 

and of teaching, his maturity, and the intensity with which he 1 

desires to become, a teacher are all important in waking predictions 

about those who desire to become science teachers. The prospective 

teacher should have had work experiences of sufficient duration and 

interacting relationships with people of various types. Through 

such experiences he should have been challenged to assess h±c , system 

of values. 

Tnc Adviseirent of Prospective Teacliers 

Once a student is admitted to a teacher educatioir^program he 
should be assigned an adviser whose responsibility goes well beyond 
merely signing his registration card. It is an adviser's responsi- 
bility to assist his advisees in dealing with problems they encounter 
in their efforts to be successful as students and to see how their 
work fits into a reasonable pattern leading to their prepar?tion for 
teaching. When and where the pattern becomes unreasonable it is the 
adviser's responsibility to encourage the school to make changes. 
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Thus the adviser should be one who understands the basic 
rationale upon which the program is based and its relevance to 
the education of a science teacher. He should be one who is highly 
regarded by other members of the staff • He should be one who is 
respected as having been a successful teacher at the level for 
which the student is being prepared. Above all he should be one 
who can exercise patience and empathy in dealing with problems 
brought to him by his advisees • He should be willing to seek the 
assistance of his associates wherever needed in providing his 
advisees with sound advisements Student advisement should "be 
assigned to only the very best professors in the department • 

Obsecrations, Methods, Practice Teaching: 
An Articulated Experience 

My efforts over a period of thirty years to find more effective 
ways of preparing students to be competent science teachers have 
led me to believe that the student teaching experience is far and 
away the most critical phase of a prospective teacher's professional 
education. At the undergraduate level all professional courses 
should make this experience their central concern. In the laboratory 
school that was mentioned earlier I taught, in 12-week sequences, 
"short courses" in chemistry, physics, and biology for those labora- 
tory school students who had some good reason for taking the special- 
ized sciences. I also caught the methods course required of the 
college science majors. Everything that was done in the methods 
course was geared to what was going on in the "short courses" and 
the methods students were required to observe as I worked with these 
young people. For example, the college students participated in 
planning lessons to be taught in the "short courses." They observed 
the teaching and later participated in critiques of the lessons as 
they were taught. As the course progressed, students from the 
methods course were encouraged, but not required, to teach a lesson 
from t^Lme to time. In both the planning and critique sessions it 
was possible to bring out in a most practical manner all of the 
important matter that is covered in a methods course. Later when 
these student^ did their practice teaching they did it in my classes 
u**der ray supe \^ision. 

By the time I had arrived at the university, as a professol of 
science education I was convinced that prospective secondary school 
science teachers should have something more than a "bag of tricks" 
as preparation for their work as a science teacher in the schools. 
I believed then, and still do, that they should hi well on tiheir 
way to developing a philosophy of science teaching md that this 
shotild begin serving them as a frame of reference out of which thry 
make decisions regarding such questions as: Wliat science is impor- 
tant to teach? How should it be taught? VJlien do you know that 
learning has taken place? Wliat should be the role of the student 
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in the learning process? What shoulcl be the relationship of Gcience 
to other subjects in rho secondary school? This job was to be done 
in a sequence of c,:ur.ses such as: Directed Oboervation in Secondary 
School Science, Mr '.hods of Teaching Scic:nce, and Practice Teaching. 
At the master's level these courses were to be followed by a cofrrse 
dealing with "the science curriculum.** Obviously this sequence of 
courses had to be carefully articulated if students were to become 
\^^asonably knov/ledgeablc about science teaching and relatively 
capable practitioners • 

The plan that I found most successful in accomplishing the 
above purposes was for one professor to handle the observation 
^experiences , the luethods course, and student teaching for the same 
group of students. Tliis I corsidered important for several reasons. 
The articulation from course to course could be dealt with effec-* 
tivcly. The professor could become better acquainted with his 
students and they with him. He would come to know them as individuals 
and thus be able tc adapt his approaches to their unique needs. It 
may sound repetitious in mentioning again student needs. However, 
in teacher education I^l^elieve such concern should be paramount if 
we are ^ to educate well-rinuegrated teachers, who behave as human 
beings and relate to their students as such. 

Observation as a Meaningful Experience 

The observation experiences for prospective fiecondary school 
science teachers should begin in the elementary school, continue 
into junior high school or middle sch'^ool, and culminate at the high 
school level. This should be done to e::courage students to think 
of precollegiate education as a K-12 continuum. It is also desirable 
for them to observe how the methods frequently change from those 
involving maximum participation of children to those involving 
maximum direction by the teacher. The students observe that children 
often £isk most of the questions in the elementary school, whereas 
teachers generally ask most of the questions in the high school. 
Questions should then be raised regarding such practices as a 
desirable progression in the education of young people. 

The K-12 observations should be used to set the stage for 
developing teaching strategies that encourage maximum Involvement 
of students in the learning process. I feel very strongly c^iat 
student observation in the schools should be selective and carefully 
guided to be worthwhile. Schools, classes, and teachers should be 
selected that will give a representative view of how science is 
taught under a variety of conditions. Each series of observations 
made by students should be closely supervised by the professor 
responsible for their work. This should be done to make sure that 
students *'see" what is most relevant in the classes they observe. 
Each series of observations should be followed by a seminar in 
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which specific incidents from their observations are used in 
establishing tentative lists of criteria by which teaching should 
be evaluated. The criteria developed by the above process should 
be used as the take off or the methods course. 

The Bridge Between 
Observation and ^!ethod 

It is desirable for students to do their observatioxi and take 
their mf»thods course concurrently, \fliere this is possible the 
seminar following each series of observations should be extended 
into the methods course. There should be at least, a half day, per 
week, of supervised observation in the schools followed by a half 
c.ay of methods work. The seminar or methods course should be 
conducted in the S(;ience teaching.' center where relevant references 
and other teaching matc^rials are readily available and where the 
piospective teachers get guided practice in using them* The 
methods course should be conducted as a workshop based upon the 
experiences of stuaents during their observations* The goal of 
the methods course should be to initiate an independent approach 
CO the teaching task and to deal with the proble^.s it entails. 

Practice Teacliing 

Practice teaching of at least one semester should follow in a 
natural uninterrupted manner from the work described above. From 
their observation experiences students should identify two or more 
teachers with whom they would like to do their practice teaching. 
The profensor should assume responsibility for helping students make 
all necessary arrangements for their pr<:* ;tice teaching. He should 
arrange to have at least two practice^ teachers in each school* This * 
makes each one feci less alone. During the concluding weeks of the 
methods course studerts should get the*, assistance of their professor 
in making preliminary plans for their practice teaching assignment* 

It is highly desirable that the professor of the methods course 
serve as the coordinator of practice teaching. He should also 
supervise at least tuo student teachers. As coordinator he should 
conduct biweekly seminars for all practice teachers and their super- 
visors. , Tlie seminars should deal with problems encountered by 
students in ways that encourage them to become increasingly inde- 
pendent.' In evaluating the achievement of a student in his practice 
teaching, major consideration should be gi^^en to evidence that he 
is becoming increasingly capable ot analyzing his teaching, generating 
ideas of ways in which he can overcome his deficiencies, and applying 
his ideas in making progressive improvements. If at the conclus:*.on 
of his practice teaching a student has made substantial progress in 
these regards, he is well on his way to becoming a good science 
teacher. 
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Practice Teaching as a 
Cooperative Venture 

Tliere are times when a student may be assigned to a cooperating 
teacher who, for various reasons, thinks that "college people" have 
little concept of how science must be taught in his school. Further- 
more, that what they teach in education courses, particularly in 
methods courses, is so "theoretical" or idealist that it has little 
relationship to what has to be done in the classroom. Such teachers 
frequently tell students to forget what they have been taught, that 
they will show the students how it should be done. Where this happens 
it is obvious that the cooperating teachers have not been properly 
selected or that a good working relationship has not been developed 
between the school and the college. 

Schools depend upon colleges for qualified teachers. Colleges 
depend upon schools for the most critical component of the prospective 
teach<^-r's education — the induction into the profession through obser- 
vation and practice teaching. For these reasons it would seem that 
the education of teachers should be considered as a cooperative ven- 
ture between schools and colleges. There are ways of ac.cbmplishing 
this through observation, methods, and practice teaching.- 

The professor should use every possible opportunity to become 
acquainted v/ith schools and science teachers within the service area 
of the college. There are frequent occasions when it wouldv^e helpful 
to have the advice or opinions of teachers or to observ3 youngsters 
under different conditions. These ^nd many other occasions when 
information from the schools is needed by the college provide quite 
appropriate reasons for requesting permission to visit schools. 
During these visits the administration and teachers should be made 
to feel that they ^re being helpful and that their expertise is 
appreciated. Under no condition r>hould cooperating teachers be made 
to feel threatened by the college. Visiting vith teachers in a relaxed 
environment over coffee can do much to build good relations. From 
, time to time selected teachers should be invited to discuss with one 
of the college classes some idea or approach being developed in his 
school. 

Through these kinds of association with schools and teachers 
one soon finds those who would be willing to cooperate with the 
college in programs of teacher education that would be mutually 
profitable. I emphasize mutually profitable because too often schools 
and hard-working teachers feel they are being put upon when asked to 
work with practice teachers. Before students report at a school for 
practice teaching they should be encouraged to find ways in which 
they can provide a service to the school and particularly to the 
codperating teacher with whom they will be teaching. Since this may 
require the students to put In time beyond that normally required 
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for practice teaching they must be made to feel that such service 
is a part of their responsibility. Students with whom I have worked 
have been encouraged to find ways of assisting teachers in their 
schools so that teachers will actually miss them when their tour of 
duty £s completed. In fact I have used this as one criterion of 
their success as student teachers. 

Cooperating teachers should be encouraged to observe the lesson 
taught by the practice teacher at the time his college supervisor 
observes him* Other practlice teachers in that school should also 
observe their associates on those days. The critique for the day 
should be attended by the cooperating teachers, practice ^teachers , 
and the college supervisor.'* The critiques should be coordinated by 
the supervisor who encourage's everyone, but particularly the coop- 
erating teacher, to analyze the lesson as it was taught. The first 
go around should always be the prerogative of the one who taught the 
lesson. The critique should also be summarized by' the student who 
indicates both the strengths and weaknesses of his lesson and what 
he proposes to do to overcome his weaknesses. The coordinator 
^liDuld keep the critique from becoming a threatening experience for 



the stucient. An effort must be made to maintain it as a constructive 
approach to improving teachings practices . The supervisor should help 
the cooperating teacher understand that his participation in the 
critique is most essential. After all he is the only participant 
who is a fulltime teacher. He is the only one who understands the 
loca^ situation, particularly the idiosyncrasies of the students in 
his classes. 



The fifth year, or master's degree, work for science teachers 
should provide them opportunity to advance their background in 
science with courses that have been specially prepared to meet the 
needs of secondary school science teachers. They should also take 
a science curriculum course which does two things. First, it should 
require them to become knowledgeable regarding nationally recognized 
science curriculum efforts at the elementary and secondary school 
levels. Secondly, it should require them to engage in curriculum 
development exercises in order that they might aifpreciate the kind 
of effort involved and develop some of the skills. A course in the 
history of science and its social implications should be required. 
Independent study should be available to those who have problems 
or interests that justify it. All courses should be conducted in 
ways that require maximum involvement of students through reading, 
discussions, and writing. The goal of the fifth year should be to 
turn out teachers who have attained a reasonable degree of sophisti- 
cation in their profession. The goal of becoming a master teacher 
cannot be attained in less than five years of experience. The judges 
of when one becomes a master are one's students and one's associates. 




Tlie Fifth Year 
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Elementary School Science 



So far I have dealt with teacher education as it applied to 
the preparation of secordary school science teachers. The more 
difficult task is that of designing practicable programs that will 
prepare the prospective elementary school teacher to teach science. 
There are a host of "problems involved. I'll mention only one. 
Elementary science has come to mean different things to many people. 
An examination of any of several books in the teaching of elementary 
science used in colleges impresses one with the breadth of science 
covered* College programs designed to prepare elementary school 
teachers leave previous little time for elementary science. So 
little, in fact, it would appear impossible to do anything of 
significance for the prospective elementary school teacher. And 
that is about v/hat happens in most instances. 

One approach to the problem would be to redefine elementary 
school science and put manageable limits on what it covers. In 
various ways this has been done by sxich new elementary science pro- 
grams as the Science Curriculum Improvement Study (SCIS) , Science — 
A Process Approach (SAPA) , and the Conceptually Oriented Program for 
Elementary Science (COPES). These programs nave many common denomi- 
nators. Some effort has been made to delineate them and to use the 
delineation as a basis for an integrated course in science and science 
methods that would better prepare prospective elementary school 
teachers for the challenges which face them if they take positions 
in schools where it is considered important to teach science. Efforts 
of this nature should be encouraged. 

College Science Teaching 

An effective way of preparing prospective teachers of the 
general-education science courses at the college level was used by 
us at the university for a number of years. In our department we 
offered as many as eight sections of a biological science course each 
semester for nonscience majors in the school of education. As many 
sections of a physical science course were offered each semester for 
the same students. For each section graduate students served as 
laboratory assistants • Some sections were taught by teaching fellows 
who had previously been laboratory assistants. Each semester I 
taught one section of biological r-J'^nce. There were g^merally at 
least three teaching fellov;s teach the other sections. Each week 
the teaching fellows and laboratory assistants met with me to plan 
the work for the following week in our respective sections and to 
consider problems encountered during the current week. We also 
visited each other's classes regularly. In the weekly planning 
sessions it was possible to involve the graduate stud_ents in dis- 
cussion of practically every problen one encountered in organizing 
material, teaching, gatting' students involved, maintaining good 
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working relationships with students, and evaluating their achieve- 
ment. In working with these prospective college teachers every 
effort was made to preserve the individuality of each participant. 

Looking back, I think this approach to the education of science 
teachers was the best I have ever used. I V70rked with the young 
people as a pv^.er. My job, as I conceived it, was to ask the key 
questions and encourage everyone to "get into the act." However, 
it wasn't easy to avoid inflicting nr^ approach upon them as the 
approach. I'm sure that I did at times aven though I tried not to. 



During the time that I was directly involved in the education 
of science teachers I modified my approach frequently in order to 
achieve better results. Never did I find one approach that I could 
accept as the ultimate answer. I guess I was always hopeful that 
one day it v/ould come. But it didn't, and now I can see that its 
evasiveness is what made the search so rhallenging. 



1. National Society for the Study of Education. Committee on the 
Teaching of Science. A Program for Teaching Science. Thirty- 
First Yearbook, Part I. Chicago: University of Chicago Press, 



IN CONCLUSION 



REFERENCE 



1932. 




ERIC 



23 



fl. Eldped Bingkam was hoim in 1901 in Ohio. His early education 
was obtained in Ohio sdhools. After graduation from high 
school he atteyided Hirarn College and The Ohio State University 
where he received his B.S. in Agriculture in 1923. He received 
a B.S. in Education from Kent State University in 1926. His 
M.A. and Ph.D. were both awarded from Teachers College, Colwnbia 
University in 1930 and 1938. 

Dr. Bingham served as a science teacher-administrator in Ohio 
secondary schools between 1923 and 1926 and as a science critic 
teacher for Hiram College from 1926 until 1929. He was a science 
instructor in the Montalair Demonstration School at New Jersey 
State Teachers College between 1929 and 1932 aiid a science critic 
teacher at the Lincoln School- of Teachers College from 1932 
until 1944. Dr. Bingham functioned jointly as an Assistant 
Professor of Science Education at Temple^ University and as"^ Head- 
master of the Oak Lane Pounty Day School during the 1944-1945 
school year. Erom 1945 until 1950 he was an Associate Professor 
of Science Education at Northwesteryi University. He moved to 
the University of Florida in 1950 as Professor of Science Educa- 
tion where he regained until his retirement in 1971. He curreyitlv 
holds the statu.^ rf Emeritus Professor at the Univei-sity of Florida. 

Dr. Bingham has been an active member in numerouo professional 
organizatioyis including NSTA, MRST, AETS, NABT, CESI^ NEA, 
ASCDy Florida Association of Science Teachers and AAAS. He 
was elected a fellow of AAAS and served as president of the 
Florida Association of Science Teachers in 1956^ as president 
of NAHST in 1950y and president of CESI in 1952. " 

Dr. Bingham directed a half dozen NSF sumner and ins er vice insti- 
tute programs between 1959 and 1963 and also directed USOE Teacher 
Fellowship Program from 1966 until 1968. He also served as a 
science consultant for Teachers College ^ helping to establish 
teacher institutes in India between 1962 and 1964. He served 
as a consultant with many education and quasi education organi- 
zations and as a consultant for several science film projects. 

Dr. Bingham has authored and coauthorcd several books and contri- 
buted to a nuniber of other major publications including the uSSE 
59th Yearbook. 

Dr. Bingham was awarded the CESI Award for Service to Elementary 
Science in 19Z1^ an NSTA Citation for Distinguished Service to 
Science Education in 19? 3 ^ and an AETS Award of Recognition for 
Meritorious Service in f9?7 as Science Educator and Editor of 
Science Education. 



18 

24 



amOiS IN SCIENCE EDUCATION 
DURING TIIE PAST 60 YEARS 
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Gainesville^ Florida 



My perception of changes in science education is, of course, 
greatly influenced by my involvement in it. In high school (1916-19) 
I studied general science, biology, physics, and agriculture. In 
1923, I received my bachelor* s degree from The Ohio State University 
in agriccRture v/ith an excellent preparation in the sciences of 
botany, zoology, genetics, animal husbandry, chemistry, physics, and 
agricultural engineering. Later I completed a B.S. in Education at 
Kent State University and Master's and Ph.D. degrees from Columbia. 
University. 

My experience as a public high school science teacher began 
in 1923 and continued through 1927. Beginning in 1926 I was a 
science critic teacher at Hiram, Ohio, from 3 927 till 3 932 a 
demonstration teacher in the Laboratory School at New Jersey State 
Teachers College at Montclair, and from 1932 till 1944 a general 
science and biology teacher at the Lincoln School of Teachers College, 
Columbia University. Thus from 1926 to 1944 I was involved in science 
teacher education as a critic teacher and ar, a demonstration teacher 
aad since that time as a teacher of elementary and secondary science 
methods, supervisor of science interns, and coordinator of science 
education progranis at Temple University, ilorthwes tern University, 
and since 1950 at the University of Florida. My experience has 
also included the teaching of summer session courses in several 
universities as well as a two-year stint in India to help upgrade 
science and mathematics teaching. 

Let me discuss in this order the instructional materials, the 
classroom instruction, the preparation of science teachers, and 
finally the 1970s and beyond. 
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INSTRUCTIONAL M/\TERIALS 

Prior to 1930 the texts used were logically organized according 
to the discipline. They were written by scientists rather than by 
educators. A minimum of laboratory experiments were included, using 
standardized equipment with everyone doing each of the experimentsf. 
The experiments were designed primarily to illustrate the concepts 
to be taught and these experiments were recorded in a laboratory 
manual. 

Curriculum \%^^rkers and authors of text.>ooks realized the dupli- 
cation in separate botany, zoology, and physiology courses, so 
general biology replaced these separate courses. However, this 
transition was somewhat step^v...^. I remember teaching a general 
biology text in the early thirties that was divided into three 
sections — namely botany, zoology, and human physiology. However, 
the economics of studying such thilngs as metabolism, respiration, 
genetics, and the like became firmly established at this time. 
Physics and chemistry continued as separate courses during this 
period but became established as upper level courses, with general 
scienge being offered first as a 9th grade course and later as a 
7th, 8th,' and 9th grade sequence. Many of the basic principles 
common to both physics and chemistry were included such as heat, 
light, sound, chemical energy, mechanical energy, magnetism, and 
electricity. Transfer of energy was emphasized. Cotrjnon tech- 
nological devices such as simple machines, pumps, telegraphs, tele- 
phones, and radios were studied. With each new technological advance, 
authors felt obliged to add to the text, making it tedious. The 
emphasis was shifted from the understanding of basic principles and 
processes with improve* experiments and demonstrations to ^'reading 
about*' science. There was also a shift in emphasis in texts to 
include more applications of science in daily life. 

Just prior to 1920 Smith-Hughes agriculture was introduced into 
many of the schools. My agriculture teacher was perhaps the best 
teacher I had. He taught by involving his students in projects — a 
method to receive great emphasis during the thirties and forties due 
to John Dewey and William Kirkpatrick. 

Nature study was taught in the elementary school — largelv as 
an incidental science. * Emphasis was mainly on observations and 
trying to account for what one observed. Identification of various, 
plants and animals and the study of how they lived were accompanied 
by the study of rocks and minerals, weather and climate, and the 
like. Frequently anthropomorphic explanations were given. Near 
the end of the twenties an organized elementary science program 
developed by Gerald Craig began to replace nature study. 
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The great economic depression beginning in 1929 and extending 
for the next two decades had its effect. Texts emphasized more and 
more those aspects of science that could be used in everyday life. 
Basic ^principles and concepts, or "big ideas" as they \,7ere called, * 
served as a ^^keleton for the texts but those "big ideas" that were 
related to personal, social, and community needs were stressed (5). 
Vocational ends were considered. 

Authors of texts ^ended to be teams of science educators and 
classroom teachers rat..er than scientists ♦ A psychological order 
was emphasized rather than a logical^ scientific organization* 
Chemistry and physics were i placed in some cases by a two-year 
sequence of physical science-ra trend still evident today in the 
Federated Unified Science Education (FUSE) program. The textbook 
publishers sensed and responded to state textbook requirements and 
employed teams of authors to produce what the market wanted. Read- 
ing and testing tended to replace experimental methods of teaching. 
Controversial content disappeared from the texts. Such trends 
continued until sputnik and then suddenly we had scientists again 
in the picture, along with science educators and classroom teachers, 
sponsored by the National Science Foundation (NSF) updating* the 
science in the new biology, earih science, chemistry, and physics 
programs. The aim was to produce scientists. The shift in content 
was truly amazing. These texts, developed in the sixMes, are 
widely used and the content is also widely dispersed in other com- 
mercial texts. 

It was found, with the integration of the school systems, that 
many did not want to become scientists nor did they have the drives * 
and skills to , cope -with the sciences of the sixties. Furthermore ' 
many, multimedia materials became available and more and more today 
these are being used in individualized instructional programs. 

CLASSROOM INSTOJCTION 

'During die tv/enties and before, instruction was largely dominated 
by Carnegie Units^ of organization, college entrance requirements, 
and — in states like New York — by a regento examination. In the decade 
that follcwed, Wilford M. Aiken of Ohio State carried out his signifi- 
cant "ight-Year Study (1). The aim was to free teachers and curriculum 
personnel 'from the dominating effect of the college entrance require- 
ments. 

• Prestigious* colleges, such as Harvard, Yale^ Princeton, and 
many athers, agreed to take thh graduates of 30 selected progressive 
schools upon the , recommendation of the principal. These progre ssive 
schools were then frjeed to' organize and teach the best curricula they 
could devise. Wlmt happened to a large random sample of students 
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taught in these schools vas carefully studied through eight years 
of high school and collage. These students were matched againsc 
carefully selected students from traditional high schools. It was 
found that the graduates of these progressive schools equalled or 
surpassed their counterparts in their academic work in colle?' and 
they were considerably superior in student leadership in the >/arious 
colleges. Also the more progressive the high school from which they 
came, the more the students excelled. (I was fortunate to teach for 
12 years in one of the most innovative' of the schools, the Lincoln 
School. ) 

The Eight-Year Study did much to improve classroom instruction. 
It freed science teachers and other educational personnel to use 
their own judgment in improving instruction. The science prone were 
discovered and nourished by opportunities for advanced and more 
specialized study. Field trips, both local and extended, were 
planned for special groups; group work with demonstrations, indi- 
vidual and group projects, and meaningful investigations became more 
prevalent. 

Sometimes teachers teamed together to teach correlated and 
integrated courses. Perhaps as delightful as any of my teach4.ng 
experiences in the mid- to late-thircies was to team teach with 
social studies teacher Alice Stewart in the Lincoln School 
Teachers College at the ninth grade level an integrated course 
entitled ^'Living in a Machine Age." Emphasis was placed upon 
individualized laboratoi., work. We used library reference materials 
much more th^^n texts. Dependence on a text subtly implies that 
what's in the text is all there is to know! On the other hand, a 
'good library is boundless in its stimulation to further activity*. 

With the incipience of new programs in the sixties students 
were enabled to act as scientists in the laboratory — providing the 
schools had the essential , equipment and science teachers^who knew 
what to do. Process was stressed more than closure on particular 
concepts. Experiments were interpreted taking into account 
probability-uncertainty. As mentioned above, since the late sixties 
there has been much less classroom teaching with much more selfpaced 
and also individualized instruction. This shift has made it possible 
for each one to work at his own rate'. However much has been lost in 
communicating one's ideas to his-peers. A student misses the oppor- 
tunity to challenge others and to defend his own ideas — an important 
skill for being able to interact with -others. 



• At the elementary level many programs were developed emphasizing, 
as at the secondary level,, the processes of science. Children were 
placed in investigative situations where they worked as scientists 
carrying out the prescribed^ activity. I, personally, doubt that 
sufficient emphasis has been placed on concept development. \s 




David P, Ausubel has made clear the organizational structure of 
the concepts one possesses has much to do with what one learns. 
Isolated, unrelated ideas are quickly forgotten (2). \^en one can 
relate a new activity to some aspect of a bigger concept than the 
one illustrated then the relationship discovered enhances his organ- 
ized concept and often results in a aew level of understanding. 

SCIENCE TliACilER EDUC/\TION 

Early aylempts at science teacher education as I experienced 
them were to(iyrivolve the prospective teacher as a scientist in 
studying some aspect of science. Perhaps Joseph R. Lunt and Dennis 
C. Haley in the tx^/enties did this better than anyone at the time (4). 
They organized a series of activities for many different units. Some 
of the units were air and oxygen, carbon dioxide, fuels and fine 
kindling, heat and conduction, convection, and weather.* About a 
dozen simple experiments for each unit were carefully described, a 
diaphragm of apparatus was provided and appropriate questions were 
ask^d which guided the experimenter. All required apparatus for 
each experiment was stored in a metal box about the size of a foot- 
locker. In the methods courses prospective teachars learned the ^ 
basic principles of the science studied a$ they performed the experi- 
ments. Then they shared their experiment with others and led them 
to understand the concepts involved. They also developed the skills 
to do demonstration teaching or to aid students in so doing. 

Students were led to do hypothetical thinking — to find answers 
in the activity they performed. Such experience enabled them to go 
beyond what they had experienced by devising new ways to, test ideas, 
to hypothesize, and to design equipment to test the ideas experi- 
mentally. The science learned in the methods class supplemented 
their other science coursiis. Frankly I value what. I learned with 
these materials in this program more than anything Ijve found since. 

From the thirties through the fifties there was less emphasis 
on the science to be taup^ht and more emphasis on the psychological 
and educational techniques and skills. Practical aspects became 
a part of the science internship program and frequently the super- 
visor was not a science educator. However, in the elementary science 
methods courses teachers were taught as they^ were expected to teach. 

With the advent of the elementary and secondary programs of 
the sixties experimental procedures aided both prospective and in- 
service teachers to learn science as they were teaching. This 
practice continues to be characteristir of most elementary and 
secondary science methods courses. 1 . extensive summer institute 
programs supported by the NSF did much tc upgrade the scienfe. back- 
ground of science teachers. 
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A wealth of many new multimedia materials became available 
to use in methods classes. Video Laping a student teaching his peers 
and then analyzing his performance, alone or with his peers, is a 
powerful technique. A prospective teacher needs help in deciding 
what to teach, how to organize to teach it, how to teach it, and 
how to know if he has taught what he decidati to teach* 

'nm 1970s AND BliYOND 

Emphasis on "equal opportunity for all" has lowered the top 
level of science education. At the same time many educationally 
disadvantaged have had opportunities to learn and Piany of- these 
formerly disadvantaged students are now procuring a higher quality 
of exiucation which, in turn, enables them to function adequately 
in professional and administrative positions. 

This emphasis has made it difficult to have ability grouping 
as before, to organize sequential learning experiences appropriate 
for talented students, and to organize and teach basic concepts in 
a class situation. So the students, may be deprived of the oppor- 
tunity to exchange ideas with their peers in stimulating class 
discussions, while capable teachers may not interact as much with 
students. Students need situations in which they can develop con- 
fidence in their ability to exhibit scholastic leadership recognized 
by their peers. 

Science teachers and others concerned with science education 
literally have been forced to individualize instruction and to 
develop individualized programs. Self paced programs at both the 
secondary and elementary levels have been developed. Usually these 
are optional units whic). may be individually prescribed for, or 
selected by, a student. 

Taking the school population as a whole, individualization has 
given students a better opportunity to study at their own level* 
Formerly many of the weaker students failed science because they 
were not , ^epared to study it at the level to which it was being 
taught. i e teacher's role has in large measure shifted from class- 
room instruction to one of administering some sort of individualized 
program and for many it has meant extensive involvement in developing 
audiotutorial instructional materials. Wlien a teacher develops 
these materials he usually does it at a scholarly level, superior 
to tha|i/^t^ible when he taught a classroom. Even though the possi- 
bility for stimulating total class discussion has decreased, a clever 
tether can arrange for such discussion with small groups concerned 
with particular topics while others are busy with audiotutorial 
material'4. These discusbions can be superior to total class discussions 
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for every student can be expected to participate and* the level of 
discussion will fit each concerned in.Ilvidual, What few total 
class experiences there are, such as special lectures by the teacher 
or an outside resource person, field trips, or special movies, can 
be provided with little difficulty. 

All in ail I consider the movement an improvement for it enables 
teachers to provide a better program for everyone than happened be- 
fore. Each student is given the basic structure he needs to learn 
efficiently in keeping with Ausubellian Theory (2, 7) and he will be 
working at a level at which it is possible for him to achieve in 
keeping with Piagetian Theory (8) ♦ 

Science educators in dealing with what to teach have become 
aware of the finite resource of energy and materials available to 
mankind, the rapid diminution of these resources, the limitations 
of industrial^rowth , the impact of such growth on the environment, 
and the "lifeboat" concept of population pressure as expressed by 
Garratt Hardin (3) ♦ 

To a greater extent than ever before the general populatioh 
is applying the approaches of science to the solution of life's 
problems, yet it must be conceded that to many who have rejected 
science the astrologers and transcendental meditation groups have 
much appeal. 

In my view, to survive, man must learn to live in harmony 
with his environment. This is dependent upon his acceptance and 
use of the approaches of science in solving major problems such 
as food and energy, the limitations of growth and population control. 

I've just completed reviewing Joseph Novak's manuscript entitled 
A Theory of Instruction (6). For the firs-t time in my career I see 
clearly a theoretical basis for the many often unrelated aspects 
of curriculum and of teaching that accounts for the best practices 
I've recognized and promoted. This theory can serve to^ mak^ edu- 
cation many times more efficient than it has been in the past. 

Novak's theory reaffirms the need to systematically plan a 
curriculum based on a, hierarchial ordering of superordinate and 
subordinate concepts.^ The efficiency of meaningful learning is 
increased through the establishment of a meaningful conceptual 
structure to which the learner can relate his rrew experiences. His 
theory further aids educators to select instructional procedures 
with appropriate exemplars which facilitate relating new concepts 
to those already possessed by the learner. Novak's theory maximizes 
concept development by focusing on the relationships of particular 
concepts to more superordinate concepts. 



Since individuals are motivated primarily by success, by ego 
enhancement, and by aversive action, implementation of this theory 
focuses upon efficient achievement with resultant ego enhancement 
The dependence on ego enhancement and aversive motivation charac- 
teristic of norm-centered evaluation becomes replaced to a con- 
siderable extent with criterion-referenced, mastery-type evaluation • 
No longer do those who can't quite keep up V7ith the pace set by 
the teacher suffer repeated frustrations; no longer do those ready 
to go faster suffer boredom. 

By returning to an emphasis on conceptual structure based on 
David Ausubel's learning theory, by fostering at all levels a habit 
of relating the appropriate new experiences to the relevant con- 
,cepts held by the learner, and by fostering habits of careful 
research on the part of teachers and others to find what concepts 
the learners hold, the major ills of our schools can be overcome. 
It is time for the quantum jump made possible by the new insights 
provided by this theory of instruction* 
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In writing about science for children during recent past decades 
the temptation is great to examine one*s own experience and to 
generalize from it. I yield to temptation. 

EARLY EXPERIENCES WITH SCIENCE 

I begin by reporting that I reached high school without having 
knowingly studied **science." I attended a sinall-tovm two-room school. 
I spent four years in the "small" room and three in the "big" room, 
designations more descriptive of the children than the rooms. The 
teacher of the big room taught about 22 pupils variously assorted 
among grades 4 to 8. But from hour to hour or class to class (class 
being recitation time) one v^as never quite certain what grade one 
was in. ' Our Ceacher had a knack of involving everyone in activities 
— study, recitations, play, drill, music, and games — in ways which 
preserved a graded structure yet erased the distinctions of graded- 
ness. Perhaps this seemed true to us at the time because we believed 
the various mixes that resulted in grade grouping were simply addi- 
tional ways of involving us in meaningful activity. 

There were traditional subjects. Science was not among them. 
But among the scheduled subjects there were innumerable activities 
which were a part of a school day or week but which we were never 
sure were legitimate school work. We played with magnets, magnetos, 
homemade telephones • compasses. We collected shells and rocks and 
soil types from the neighboring hills and fields. We identified 
the trees on our school grounds and learned the names of plants 
along the roads and sidewalks. We took trips to study erosion in 
one pasture which was filled with great ugly ditches in which rain 
carried untold tons of soil to a receptive river. We collected 
pond life and observed what happened to organisms that developed 
in assorted jars around the classroom. \'le studied weather — 
temperatures, rainfall, cloud structures, snowfall, winds. We met 
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periodically at night to look at the stars in a systematic way* We 
knew the planets and major constellations ♦ There they were in the 
sky above us ♦ 

We did these things with not much more obvious order than my 
random enumeration of them. We did them for three years as a part 
of school but a part which we often sensed our parents thought were 
frills introduced by a teacher who had more interests than could be 
contained in a normal school day. He gave us freedom to explore and 
investigate. He provided new materials, objects, things, to stimulate 
us. He suggested ideas to lead us on. But the funny thing was, we 
never did study science! 

Or bo I thought, I went to high school in the county seat, , 
On the day of preregistration I discovered other freshmen (most of 
them from the city) signing up for a subject they called "general 
science." Since I had no idea what science was, I carefully avoided 
it, I hesitated to ask. But I remained curious. And after school 
started some of ray classmates came from general science into algebra 
or English classes talking about inagnets, electricity, the weather, 
and other such topics. That's science? So I discovered I had been 
studying science, after all, for several years; I learned also that 
without ever being introduced to the word science those of us in that 
two-room school had already learned a generous portion of what was 
included in the general science course, 

I am not suggesting that it is a good thing, even if it were 
poisible today, for children to complete their elementary school 
yj 3 without knowing the word science. A child would indeed be 
uninformed if he or she escaped some knowledge of the word in this 
latter third of the century. But there is a lesson to be learned 
from my experience: It is the content and methods of science which 
are important, not merely knowledge of a word. Our experience was 
unstructured, but interesting. It was fragmentary, but fun, 
Unscoped and unsequenced, but accumulative. We explored, investi- 
gated, experimented, read, talked. We were being like scientists, 

PI^EPARATION FOR 'ITJVCHING SCIEMCE 

In spite of this early introduction to science, I look back on 
my first years of science teaching and realize that I patterned my 
methods and approaches more on the examples of my high school and 
college teachers of science than on the exemplary elements of my 
elementary school experience. 

Special courses in science education for prospective science 
teachers were not commonly available in most undergraduate colleges 
in the 1930s and 1940s. A young woman or man anticipating a career 



30 

36 



in science teaching took numerous science and mathematics courses. 
Some of the teachers of these courses were excellent but almost 
without exception they were unaware of yCur potential interest in 
teaching science, and when they were aware of it they rarely gave 
attention to the art of teaching science except as they demonstrated 
it by example. And during those years practice teaching in chemistry, 
biology, or physics was coordinated (and properly so) by the edu- 
cation department. Rarely was there any communication between the 
college science staff and the education department regarding either 
science content or educational methodology. Fortunately that con- 
dition has changed in many undergraduate schools today. 

The day came when you had a high school job teaching algebra, 
biology, and general science. Your practice teaching had been 
chemistry. B.ut as the days and weeks and months passed you gradually 
became av/are that, by some alchemy, you had survived your initiation 
into teaching science. l^Jhen you had time to think about it you 
realized that your methods were more like your high school teachers' 
methods than any impressed on you during your college days. Except 
(reflection does require an exception) you realized you were following 
**the" textbook and it was your primary mentor. 

Assign, study, recite, do laboratory work — and begin the cycle 
again. You did these things with confidence. - You felt- what you 
were doing was science teaching. Students by and large accepted it 
and most days you were satisfied with the way you and the students 
were using the textbook. The content was there to be learned. 

Then you went to graduate school. You discovered that science 
was broader than you ever before realized. It had to do with methods 
of inquiry, with attitudes, with a role in society, a relationship to 
technology. It was a changin;^ body of knowledge. It was in fact not 
a fixed thing at all. You met leading science educators who were 
thinking seriously about ^'science and society." Your broadened edu- 
cation included ecological studies, science and politics, philosophy 
of science. These new opportunities revealed that the boundaries 
between ,and around bodies of knowledge arey man made; cl assif icat ions 
are invented to enable us to grasp likenesses and differences among 
phenomena and objects. Classifications are useful to us in communi- 
cating. They help us refine our generalizations. Zoology, botany, 
biology, astronomy are not the ends of science. They are useful 
tools of scientists. So for me, and probably for many other science 
teachers, graduate study in science education stimulated the need 
to seek better answers about the purposes for teaching ^science. 

-Having experienced these broadened viewpoints of science and 
the role of science teaching in our society, I was prepared to 
understand the- striking resemblance between potentially effective 
science teaching and the experiences in science which I have recalled 
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from my elementary school days. This insf^ht was fortunate because 
it came at the same time my professional development turned to science 
in the elementary school. 

* SCIENCE TEACMING IN TIIE ELEMENTARY SQ-DOL 

What were we saying in the 1950s and early 1960s about science 
teaching in the elementary school? To refresh my memory, I have 
turned to some notes of talks I gave-^before science teaching groups 
during that period. I find three themes recurring in discussions 
with elementary science teachers: 

1. ^^at science is must be better understood by elementary 
teachers. 

2. Science programs for children should take into account 
what we know about children's development and how they 
learn. - 

3. Science is important for all citizens. 

As we look back to that period are there ideas in these themes that 
continue to be relevant for consideration in the 1970s and 1980s? 

1. IVhat is science? 

Science, we said, has a twofold nature. It is a composite of 
procedures and methods by which people have learned to achieve 
control of parts of the environment for study and to attain warranted 
conclusions which we may designate as "the facts," "the tifuth," or 
"valid knowledge." Science is an experimental method which people 
use to discover new information about our universe. 

Science is also the new information arrived at through the 
tested methods of inquiry. Such information may be categorized 
and classified into bodies of knowledge — geology, physics, chemistry, 
etc. , which tend to condition our ways of observing and interpreting 
the world we live in. The knowledge in these categories also con- 
ditions our vie\ v on life and on the relation of man to the universe. 

With an understanding by elementary teachers cf these two 
aspects of science (methodology and organized knowledge), it remained 
to challenge them to use the methods of scientfists as they work with 
children in order that children might learn science in ways that 
would be most meaningful. But the definition of science outlined 
above seemed to require further elaboration to be of practical value 
to elementary teachers. It required another approach which would 
clarify its meaning in terms that would infl^^ence and guide teaching. 
So we said (hopefully) that science is what , scientists do when they 
are being scientists. This required an identification of what 
scientists do. Wliat do they do? 
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Scientists make descriptions of our natural world. They 
observe, measure, investigate, analyze data. The^ use their senses. 
They describe what is, what happens, how many, how far, when 
They make descriptions of events, of phenomena, of relationships. 

Scientists seek valid explanations. They try to explain. They 
seek out relationships, Interrelationships, connections between 
events . 

Scientists make preSictions. '^hey speculate, they hypothesize. 
Key words and phrases for them are "perhaps," "maybe," "if — then," 
"my best guess is — ," "possibly — ." 

Scientists communicate their descriptions and explanations and 
predictions to others. They build their findings into verbal state-- 
ments which have meaning for others. They state principles, gen- 
eralizations, laws, concepts, and other organized descriptio*-**; of 
' and ways of thinking about our universe. 

In order for this somewhat contrived definition, namely that 
science is what scientists dOy to be useful we urged on elementary 
science teachers a kind of logic. 

Science is what scientists do. 
Children learn through doing. 

Therefore, chi^-dren must have an opportunity in the elementary 
school to do what scientists do. 

Admittedly this was not airtight logic but it placed emphasis on 
ways children can be involved in learning about their natural world. 
In that approach there was no intention of developing science pro- 
grams with the primary objective of preparing children to become 
scientists. Rather, the motive was to provide teachers with a 
sense of the importance of involving children in active, investiga- 
tive learning. A rich science program would involve children in 
making descriptions (not just reading descriptions), in making 
explanations (not just reading explanations), in speculating and ^ 
testing their speculations, in summarizing and communicating their 
learning to others. There were many .ramifications of this approach 
which seemed fruitful to many elementary teachers ^ 

2. Science prograins for children shoiold 
« take into account that we know about 
children's development and how they learn. 

In this theme we found a happy correspondence between the 
characteristics of scientists and children. For example, children 
are investigators; scientists are investigators. Both are curious. 
They probe. They question. They find an almost limitless range of 
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things and events to explore. The tiny speck of dust on the floor, . ' 

the full moon, the rain, ihe squeaky wheel, the smell of clover, 

the red toy, the dropped spoon, the steaming teakettle, the flat 

bicycle tire, the Gemini flights (ancient history!), the spider 

swinging frora a broken weed, a wiggly worm. V/ith children the 

questions are what, how, why, when And so it is also with 

scientists * 

The tendency of children to investigate is both an opportunity 
and a responsibilii:y . As with most generalizations there are 
exceptions. Some children do not seem too curious, l^y? Our 
opportunity is to capitalize on curiosity when it is there, nurture, 
strengthen, and discipline it. Our challenge is to develop it when 
it does not exist. Value" had to be placed on curiosity. 

Children learn in .different ways. This too is a double-edged ^ 
statement. One edge is that a group of children will benefit from j 
varied, planned approaches to learning. Most children learn better i 
when the same thing is approached in a variety of ways. The other - 
edge to the generalization is that some individual children may 
learn better from one approach than from another. One mi^^ht learn . 
best fr'bm seeing ^ai^ilm, another from reading about it, another from 
obs^-ving it directly, another from talking with classmates. In 
teaching science, we urged, teachers dare not settle comfortably 
into the use of one or ^ two timeworn approaches- if they want to be * 
assured that maximum learning is taking place. 

' We felt confident that children team those things w^h they 
have^n opportunity to do and to become those things they have an fe. 
opportunity to be. In a sense some of the goals are both the means 
and the en^s .of instruction. ' We say children are curious. They 
are investigators. That helps them as they pursue science. Investi- 
gation is a'means of making discoveries. A goal of science instruc- * 
tion is to help children develop skills and knowledge <'?hich enable 

them to use that, investigative tendency more productively. We say ^ 
children are creative. That is an asset as a means of learnirjg. 
A goal is to nurture and extend creativity. Children are observant. 
A goal is to refine and extend and sharpen this characteristic. 

To the extent that children are like scientists they will use 
those character 'sties (the means) in learning science. At the 
same time, through teaching science we are challenged to preserve 
and strengthen those traits for increasingly more mature use as 
children mature (end goals). 
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3. Tlie Study of .science is iii5fel:*tant ^ 
for all citizens." 

The quest for an answer as to what science was of importance 
for all citizens focused mostly on programs in the seconc ary schools 
during the 1950s and 1960s. But the emphasis on the importance of 
teaching science to children in the elementary school was an evidence 
that science beginning in the early years v;as thought to be important 
at least all young citizens. 

We said confidently in the mid-fifties that 'the purposes for 
teaching science in the elementary school are few: "To help young 
people know more about the natural environment and man^s relation 
to it," "Tc help children impro>/e their skills for studying. the 
environmeii and "Tov^elp persons develop attitudes ^^*^sistenC 
with valid knowledge o-?N the natural environment and of scientists 
ways of uncovering know/Ledge." 

In a nationwide Vtudy of science teaching in the ^elementary 
school conducted in the early 1960s school personnel were asked to 
t^te ten selected objectives for teaching'sclence (1)*. They rated 
each listed objective as very' important , of some importance , or 
little or no importance . Over 97 percent of the elementary schools 
considered the follcwing seveh objectives as either very important 
or of some importance ; 

1. Help '.iiildren develop their curiosity and ask what, when, 
how, and why questions, 

2. Help children learn how to think critically. 

3. Teach knowledge about typical area's of science study 
such as weather, electricity, plants, animal life, 
and others. 

4. Help children learn concepts and .deas for interpreting 
their environment. 

5. Develop appreciation -.otHs^nd attitudes about the 
environment . 

6. Help children develop p?oblem~solving skills. ^^^^^^ 

7. D^jvelop responsibility for the proper use of ^^stflence 
knowledge for the betterment of man. \ ' 

To the extent that these continue to be acceptable objectives,* 
-^ere renains the perennial challenge of preparing teachers to use 
the materials and methods which will most effectively lielp achieve 
them. 

OvV^r the year s~~5<n. en c e ttachers have had f aitl\ t,hat a scien- 
tifically educated natitm could deal with and solve rnany of the 
probleiiS of life. It wasv hoped that people would bring to bear 
on these problems the knowledge and skills that characterize 
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scienti§,ts at wor.k^ ''fcopie would"be shaped' in their decisions by 
attitudes and behaviors that are consistent with scientific knowl- 
edge. And although that hopeMias^in some measure 'been fulfilled, 
there is a growing uaeasiness that somet'^ '.ng more is needed. 



nnvi^ of sciENCf- Ei|jaATiON' ^ ^. ^ . 

Now it is 1976 and time jarid events have moved relentlessly, 
bringing new conditions and new problems. As individuals and as a 
cation we are not dealing 'featisfac tori ly with' them. And we ask, 
is it that scj:ence. is not the discipline wl>ich iS'basic in our 
effotwS to s.olve problems, or is that we have been teaching science 
ineffectively? , ' ^ 

Science has ne^er, of ^se, been expected. to do it all. But 
perhaps we realise now more i befo. e that scientists must work 
cooperatively^ pi tli\fiuipanists , ?cial scientists, and persons uU 
other areas op humah experience to seek ways o^. coping with emerging 
problems. Teacher education in science should Help prospective 
science teachers to broaden their vision to in lude an understanding 
of the potential of other "areas , along with s^^ience, for solving the 
world's problems. Albng wi ch breadth oi Knowledge there must be an 
ever present wilxingness by science teachers^^o reexamine their 
m..*thods of teaching science. Teacher education^ should help in tbls 
reexamination. ' * 

III, this reexamination I woi Id urge that we take into account . 
the proposition Wliich I stated earlier, that *3pience is learned in 
different ways by different persons* *his'"applies als^' to the 
content or subject matter that -they learn, to rerort ro an artificial 
distinction betv/een methods-and. content . So, I repeat, there is no 
reason to expect that everyone should study or know the saiue thing 
even if it were^ossible. There is no reason to expect that all 
childten and youth should be taughc by the same methods. Suppose 
that by chance or by design all children in the nexc ten years were 
taught by the same methods and that subsequent evidence revealed 
that t-hat method was "w.ong. 



It is far better to s^ely agreement on goals of education and 
the rolrs of science teaching in that awesome enterprise than it 
is to become preoccupied with which is the best method or the best 
way to teach science, \slien tencheiTs have continuous help and 
encouragement in t!ie importance of workir.f^ with pupils toward 
acceptable goals they will individually and collectively find 
numerous best ways of teaching. 
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Such \ ty as will evolve should be applauded, li. should 
be applaudea alued, evaluated, and shared* In teacher education 
programs we can applaud, evaluate, and share* 



Wlio has not observed the enthusiasm of children for science 
in classrooms where the teaching was different from our own? Why 
was that? 
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This is a personal accounts' It will reflect some trends but 
it does not intend to be a history* It is certain to contain some 
evaluation but it's not necessarily planned to assess progress. It 
is not intended to evaluate any group of programs • It is rather a 
brief account as seen by one who for many years has been involved 
as a classroom" teacher in science in the elementary school, a' con- 
sultant in elementary science in the Office of Education, and p3 a 
professor of science education involved in the educatioi, of elementary 
classroom teachers who are preparing to teach children as part of the 
total learning experience of children-. If some philosophy of teaching 
some bases for selection of curriculum material, and the thinking of 
"experts" show through it is only because' they are a part of the 
author's experience. There is no real attempt at chronology. The 
author's professional lifetime has been devoted to the teaching of 
eietnentary science in its various aspects and this account intends 
only to survey some of these experiences as they relate to the total 
view. 



In the beginning my experience was,* so far as I know, a usual 
pattern for the time: teaching several sections of general science 
in grades 7 and 8. There was little science below grade 7 then. 
A textbook was the guide and there were few then--only one series 
that stretched from grades 1 to 8. Experimenting by children was 
mostly by receipts followed by writeugs — objective, material used, 
drawing, procedures, results, and conclusions. Results constituted 
a notebook — sometimes graded, sometimes not. There was some dis- 
cussion which often deteriorated into telling by the teacher. 
There were some firsthand experiences but they did not dominate 
the situations. THere probably was some discovery but it also was 
not the overall concern. 
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There were a few field trips — early morning ones before school 
to identify birds in a nearby wood lot. Later pupils pressed flowers 
and mounted them with data such as common name, scientific name, 
number of petals, and so forth. Small wonder I wasn't fired! Simple 
fact: I was teaching as I had been taught during my teacher education 
classes at the local teachers college and testing the same way — true- 
false, multiple choice, fillins. Subject matter recall (facts) was 
the major emphasis. This emphasis and these procedures were wide- 
spread I believe in the late thirties although I am sure there were 
exceptions. 

Teacher preparation was a "life certificate" heavy on how-to-' 
teach courses often given by professors who would have be*en dripped 
from a public school position before the first P, T, A. meeting 
because of ineptness. Most had never had experience teaching 
children. The idea of surveying the needs of the tdacher graduates 
was not widespread nor was there much follow-up to see what was 
happening to children as they passed through the elementary school. 
This general description may have been true only in a limited area 
with which I am familiar. It serves only as a point of departure 
in this account. 

Through the years there have been many changes: in teacher 
education, objectives for the program, books and other materials to 
use, methods of instruction and evaluation. Possibly some have been 
chiefly for the sake of change but in the main they have been prompted 
by a sincere desire on the part of educators to evolve* programs that 
would more nearly meet the needs of children and instruction methods 
that would bring about desirable changes in the behavior of girls 
and boys. We shall examine some of these changes and trends, 

CHANGES AND TRENDS IN TEAQIING SCIENCE • - 

It was probably logical -that early programs in science for 
childreli were more concerned with experiences with plant and animal 
material along with some concern for astronomy and rocks. It was 
in essence a nature study era. In a way its chief concern was for 
what the child could experience around him, * There was emphasis on 
observation, identification, use of the senses, conservation, and 
appreciation. Generally the programs were not based on important 
research, rather on what seemed reasonable and near at hand, TJtien 
as now, although to a much greater degree, teachers iij the elementary 
school were women who felt more at home being involved with the 
study of nature than in other scientific areas and the so-called 
normal schools where the* teachers received their preparation offered 
courses chiefly oriented toward nature. 
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Personally it has always been my contention that there was 
much good in these nature programs. Children were urged to observe, 
report their findings, develop some appreciation for the objects 
they saw every day. Possibly there were ideas scrapped that should 
have been saved and used as a foundation for a broader program both 
in scope and intention. In some cases this is exactly what happened. 
In most cases it probably wasn't. 

Be that as it may, the challenges of the environment and the 
leaders who recognized them began to expand the possibilities of 
science learning to include a greater variety of subject matter 
including more physical science material. Children's interesjt 
studies carried ouu by leaders in the field seemed to indicate the 
desirabi.ty of including such material. Along with this the objec- 
tives for the science program gradually broadened to include emphasis 
toward understanding big ideas in science and away fro**: the accumu- 
lation of unrelated facts. The idea of learning how to find out — ' 
to solve problems of an important nature — followed along. An " 
analysis of the ways scientists themselves worked in making dis- 
^foveries indicated that some of these methods w^.e appropriate to 
the child's way of working. These changes were very gradual in 
coming and emphasis on research began to seem important. Just how 
do children learn? - What can and should they learn? l^Jhat teacher 
education is essential and desirable for their teachers to experience 
These and many other similar and important problems presented them- 
selves, in fact still persist. 

^ > 

It is important to note that there was real progress in 
improved classroom teaching, in the preparation of books and other » 
teaching materials , and in curriculum cons t rue t ion^ c^nd t^iacher 
preparation long before the so-called new science came into being. 
Several teacher preparation institutions offered very effective 
courses in both subject matter and methods. State depc;rtmenl:s of 
education and indeed the U. S. Office of Education exercised 
effective leadership in curriciiluin, construction for in-service 
workshops in teaching methods and other areas of science education. 
There was much effective activity at the local level. 

Along with these activities tbete was a broadening of objectives 
for the science program in the elementary school. The teaching of 
unrelated facts for their own sake gave way to the development of 
major^ principles and generalizations in subject matter. There was 
emphasis on *'he d^vel^opment o£ the ability to sclve science problems 
appropriate to the grade school and concurrently to,, develop scien- 
tific attitudes and interests and appreciations. • ♦ 

Tliis is not to say that every* school included a good science 
prog'^am. Many, in fact most, schools did no'r.* Many elementary 
school teachers shied away from teaching science because of a "low 
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regard for it that was coupled with a feeling of inadequacy both 
■ in subject matter and methods of instruction. Alas this is in a 
large* measure still the case, although there have been real inroads 
made in the more adequate preparation of teachers for elementary 
s-^hool science teaching. A considerable amount of this has been 
•focused on- the teaching of specific programs that are government or 
commercially designed and sponsored. With the exception of these 
especially trained teachers there are still probably more elementary 
school teachers v/ho "save science till last" (and often never get 
to it) than there are those who include it as a definite and promi- 
nent part of tbeir weekly programs. 

TEACIER EDUQVTION 

Some words about* our general teacher education preparation for 
elementary school teachers; We consider here the preparation of 
the teacher who teaches science as part of her total elementary 
school program, not as a specialist. The general indication is 
that in most schools', science is still taught by the so-called 
regular teacher and as finances in schools become more and more 
limited this trend will probably increase. 

One persistent problem that has bugg^ed elementary school 
teachers through the ages has been their science preparation or ^ 
lack of it. Generally they teach all manner of subjects and this 
practice still persists for most. They are expected to be special- 
ists in every subject and each year something new manages to edge 
itself into the curriculum until the demand for backgrouna and 
skills is nearly impossible to meet. So along comes more emphasis 
on science teaching and a canvass of the interest in the subject 
among elementary school teachers would probably put it near the 
bottom of their list* Their own experience with science has 
probably been responsible. 

Beginning with high school the word goes out'^^Don't take 
physics, you'll never pass it. Anyway you *on't learn anything 
that makes any difference to you." "You'll probably hate biology; 
frogs are messy and their insides never look like the pictures in 
the book and they smell awful. Furthermore who needs to know 
about their internal workings." 

This attitude persists when the students enter college. So 
the science requirements, if possible, are fulfilled by a home 
economics course and something from the health field. Even for 
those who feel brave and conscientious on registration day and 
sign up for Botany One regret the decision by the third day when 
they are assigned to memorize the Latin names of the plant classi- 
fication and begin to dissect pickled seaweed. They graduate 
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without knowing how to raise and use living plants in a classroom 
or take a simple field trip around the block to observe changes in 
seasons. Little attempt has really been made to solve this dilemma 
by deciding that there must be a course that will fit teachers who 
are people that live in the fascinating world of plants (and other 
science areas) and who need to help youngsters develop some subject 
'matter background, interest, and appreciation for this world. 

Some institutions of higher learning have designed courses 
intended to make up for this lack of background. There have also 
been many attempts to bridge this gap of lack of science knowledge 
through the in-service workshops designed to fit the needs of the 
specific school systems. Unfortunately the instruction has not 
always been appropriate. The well-meaning high school physics 
teacher who volunteers to help and has his class of elementary 
teachers begin by winding armatures is only contributing to the 
problem. But fortunately there are 'individuals who teach in the 
college science department and who work with in-service groups and 
who are not shocked, if you will pardon the expression, by the fact 
that some, in fact many, elementary teachers "are afraid to touch 
a dry cell for fear of getting a jolt." They begin with teachers 
where they are, give them opportunity to experiment with materials, 
and gradually build a background. l-Then they begin their, teaching 
or return to their classrooms they experience the satisfaction of 
working on the same things with children. They develop a sense of 
security and accomplishment. The teaching of science moves forward 
and children's interests are broadened and they begin to learn' 
about the fascinating scientific world in which they live. 

And science teaching has moved forward. It received a shock 
that forced it do do so. Scarcely anyone will forget hearing the 
"beep" "beep" of the spucnik that opened our space travel age and 
upset the science teaching in the United States and elsewhere. To 
"keep up with the Russians" and for other reasons curricula and 
teaching methods were turned upside do\ro from kindergarten to the 
university. More time was found for science teachin'X, courses' 
w£je added, Subtracted, altered, and shuffled. Government money 
was poured into projects, boxes of equipment were devised and 
made available, new printed material was produced, ^ome was good, 
some mediocre, some dishonest so far as value was concerned, and 
some never got off the ground and into the classroom. Some in- 
service programs for teachers were launched and colleges and 
universities offered science courses ^nd workshops. Government 
supported projects were launched by the dozen. The elementary t 
teachers were urged to "get the kids out of their seats, provide 
firsthand experiences for them, let them experiment, make time for 
science. " 
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As is often the case under such circumstances much foolishness 
was committed in trhemme of science programs especially in the 
elementary school. In many instances school supervisors and other 
administrators follovjed the band vjithout asking where it was going, 
without asking '^Exactly what do we wish to accomplish with all of 
this?" "IThat parts of the present .program are good and should be 
saved and expanded? What discarded? What is new and appropriate?" 
''Where do our children and teachers now stand on this road to better 
science education?" There were many places where neu was confused 
with better move got in the way of enough. In some cases indi- 
viduals who know very little about children, how they learn, and 
what they need were in charge. Often such individuals are ill- 
equipped to prepare useful and meaninjgful curricula for children. 
The fact that one knov/s more about Mars than anyone else, does not 
necessarily equip him to make decisions about what can and should 
be taught at the' grade school level. There were many false starts. 
Much prepared material and equipment remained unused, in fact un- 
opened, in the classrooms or was used only by those adequately 
prepared to make intelligent use of it. 

On the other hand there were many positive results. We are, 
it seems, only now beginning to work out the appropriate contri- 
butions and fitting them into the total learning situations. 
Objectives are being refined, teaching methods reexamined, teacher 
education prdgrSns reevaluated. The great surge to somewhat over- 
emphasize science has subsided and we are simmering down to a 
generally more acceptable place for science in the total school 
experience. There have been times and there still are when there 
is a real reaction by many laymen against science as such. Charges 
are made that it has been responsible for the production of harmful 
products and effects.. Others tend to stress the beneficial results 
of scientific discoveries. Both points of view Jiave influenced the 
teaching of science to varying degrees. 

CONTENT OF SCIENCE PROGRA>B 

There is still probably too much emphasis in some science 
programs on how to iearn science and not enough on what science is 
being learned. Scientific procedures can be learned while pursuing 
the solving of relevant science content. This idea might well 
receive considerable thoughtful attention. 

Some of the national evaluations would seem to indicate that 
our children are not as well-grounded in the appropriate content 
of science as they once were. In this connection, however, there 
are many knowledgeable educators who believe t'le measuring stick 
used to determine this leaves much to be desired. As is the case 
of any evaluation there are many outcomes that cannot be measured 
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by paper and pencil tests and in the construction of the tests there 
are great pitfalls in the preparation of test items especially when 
the evaluation is intended for use in surveying a great variety of 
situations • 

Obviously we have come a long way from the practice of using 
the textbook as the total curriculum, stressing the learning of 
isolated facts, keeping notebooks and memorizing vocabulary and 
definitions. For example: 

• Content has generally become more meaningful and challenging. 

• The objectives are broader in scope and more specifically 
stated to make better evaluations possible. 

• There is better coordination between various levels of 
learning from K-12 and beyond. 

• There is more emphasis on learning how to learn. 

• Various subject matter areas, notably mathematics and 
science, are being effectively coordinated. 

• Many of the science programs are designed for all children 
from the brightest to those with limited abilities and 
skills. In this connection there are conscientious at^^empts 
at individualizing instruction. 

• There is more intelligent work in curriculum construction 
involving all who have an interest in the result and the 
responsibility for carrying it forward. 

• The printed material, apparatus, and other teaching aids 
have vastly improved in quality and appropriateness. 

• There is much experimental teaching that helps, us come 
closer to a better basis for decision making about content 
selection and teaching procedures. 

• More teachers are teaching better. 

With all of this there are some Specifics that all concerned 
need to keep in mind for the future: It's what happens to children 
in the classroom that counts. No matter how carefully the objectives 
are stated and restated, unless they are translated into reality in 
the classroom they serve little purpose. There is still much that 
takes place in classrooms that is nonsense because it is not related 
to our purposes. It's quite possible to teach as badly with mystery 
powdars and mealworms as it is with using air pressure to force 
bard boiled eggs into milk bottles. Activities of any kind are 
boondoggles unless the teacher and children understand their pur- 
poses and proceed accordingly. No child nor adult can learn every- 
thing from firsthand experiences. Reading is still an important 
source for accomplishing our objectives. There are still probably 
as many, perhaps more elementary teachers who have real difficulty 
with science teaching as there are who feel at home with it and do 
an effective job. This means that thousands of children are still 
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deprived of a good start toward understanding the science world 
in which they live. This should make us all pause to think and use 
our talents and skills wisely toward improvement. Even for children 
there is so little time. 
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Donald G. Decker was born in 1914 in Colorado. He received 
his early education in Michigan schools after which he 
attended Michigan State Normal College (now Eastern Michi-^^ 
gan University) where he received his B.S. in 1935. He was 
awarded his M.A. from Colorado State College of Education 
(now the Unzversity of Northern Colorado) in 193? and his 
Ph.D. from .Teachers College ^ Colwnhia University in 1943. 
In 1951 he was awarded an honorary Doctor of Science from 
Eastern Michigan University I 

^ Dr. Decker taught iyi the cmpus laboratory school of Colorado 
State College of Education from 1937 through 1939, when he 
joined the Bureau of Educational Research in Science at 
Teachers College, Columbia University. He remained at 
.Teachers College until the completion of his Ph.D. in 1943, 
although the 1942-1943 year was on special^ssignment with 
the Tennessee Eastman Corporation, Manhattan Pvoj^ect at 
Oak Ridge. Dr. Decker joined the Faculty of Colorado State 
Teachers College as an Assistant Professor of Scieyice Educa- 
tion in 1944 where he remained until health forced him to 
retire in .1975. He was promoted to Associate Professor in 
1944 and to Professor in 1046. He served as Chairman of 
the Science Division from 1950 until 1955 and Dean of the 
College of Education from 1955 until 1965. Dr. Decker was 
appointed Provost of the University in 1966 and Dean- of 
the School of Educational Change ayid Development in 1970. 

Dr. Decker has been active in professional organizations ^ 
including NSTA, NARST, AETS, AAAS, and the Colorado-Wyoming 
Academy of Science, v He served as member of the board of 
directors of the Colorado-Wyoming Academy of Sciences and 
on the Earth Sciences Curriculum Project. He served as 
president of the Colorado Science Teachers Association in 
1944 and president of the National Science Teachers Asso- 
ciation in 1959-1960. 

Dr. Decker authored and coauthored over one hundred science 
textbooks and manuals for grades one through nine. His 
articles have appeared in many education and science educa- 
tion journals. 'He' has served as a collaborator, author, and 
reviewer for various audio-vtsual productions and popular - 
school pidblications . 

Dr. Decker was honored by the International Institute of 
Arts and Letters far his service. Sigma Phi Epsilon 
fraternity presented kirn with a Distinguished Service in 
a Chosen Career Award in 1972. He was honored as Professor 
of the Year by the University of Northern Colorado in 1975. 
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FORTY YE/VRS OP BI:COMING, BEING, AND BEGONlfJG: 
/ AN ACCOUNT OF A PERSONAL JOURNEY 
INTO n IE -SCIENCE HDUOXTJON OF 
SlIIDENTS m) TEAClBillS 1936 to 1976 

DONAli) G. DECKER 

Professor Etneritus of Science Education 
University of Northern Colorado 
Greeley^ Colorado 



How does one organize a lifetime of memories?, ^How does one, 
retired at the .age of 6,1, react to what he wrcte and said 40 yealcs 
ago and each year since that time? To rediscover your immaturity 
is somewhat embarrassing but to recapture a historical series of 
events in science education is exciting. Please do not assume tliat 
everyone will agree that this is what actually happened Or that 
others thought it important to happen. It is my perceptio v of what 
was happening and should happen. Others will have a much different 
interpretation of what actually happened and -this will b^ ♦:he excite- 
ment of this Yearbook. 



INTRODUCTION 

In reviewing my 40 years of experiences in science^ education 
I have come to three basic conclusions : 

1. Education is no different from any other facet of our culture 
In society, as well as in education, the battles of the indi- 
vidual and society, at the moment, rages onward in an effort 
Lo determine who shall rule whom, how shall it be done while 
maintaining our concept of democracy, and detenr'^ing how 
education and society best function, now and in the future. 

2. Teaching is no different from any other facet of our culture. 
The battle of the teacher and the administration j at the 
moment, rages onward in an effort to determine who shall 
rule whoru, how shall it he -done, while maintaining our coa- 
cept of the teaching profession and determining how teachers 
can function most effectively. 

S, Learning is no different fr^om any other facet of our culture. 
The battle of the teacher and the student, ^at the moment, 
ra^ 2S onward in an effort to determine" whp shall rule whom, 
how ^adll it be done while maintaining our concept of indi- 
vidual differences and determining in what learning environ- 
ment individuals best function. 
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But let history sj^eak fo*: itself. What follows are excerpts 
from speeches given over four decades. They are orp.anized as a 
personal historical account into six sectiono' arid ten generalizations: 

I. THE WINDS OF CH/jN GET BLOW GEN'JeLY 

• Change science education. Each teacher of science should 
be knowledgeable of. the total science education of the 
students. 

II. ^'UTILE GESTURES ARF MADE 

• Coo:yinate the study of sciv .ce. Choose significant and 
pradtical themes. 

• Come to grips with our own 'oliefs, attitudes, and prejudices 
. in the areas of controversial topics.^ 

• Educate about what is happening rlow. 

111. SLOWLY THE INDIVIDUAL ARISES FROM THE MULTITUDE 

• Know the individual. Know his concerns and his needs. 
IV. THE GREAT PROCI,AMATIONS * 

• Improve the science curriculum. 
V. TOGETHER WE STAND 

• Rely on scientists for directives in science curriculum 
improvement. 

• Promote the objec**.ive of literacy in science. 
VI. THE TRUMPETS SOUND 

• Develop coordinated, wel] -planned, and structured programs 
from kindergarten through the 12th grade. 

• Contributa a visualizatica of science education K-12. 

^ SUMMARY 

• Promote revised changes in science education as science 
and society change. 

1/ im WINRS OF C1I/V\G1: BLOIV GCNTLY 

Change science education. EacJi teaclicr of science 
1 should „bc knowledgeable of the total science 
education of the students. 
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During the 19AOs the social significancti of science was being 
debated. In 1944 I made a speech in rebuttal to a set of proposed 
objectives for science teachers. 

"If science teachers have but one aim — tc teach subject matter — 
they have no socially significant aim. Any aim thac is not socially 
significant is worthless. Operating with a pattern devoid of social 
significance is producing science students who work without social 
objectives and without social accomplishment. 

*'Chinge is necessary. We should educate science students so 
that they develop a sense of social values as deeply rooted in them 
as is their scientific knowledge, who work to make their special 
competence a contributing factor in the achievement of those values 
which belong within a democriacy . If teachers believe that power 
should reside within the individuals of a democracy then they must 
teach for inquiry, discovery, and application. 

"To intimate that teachers should withhold ''heir social values 
from their students is to plpce our confidence in those less worthy 
of opinionating students. For scienti'Jts and science educators to 
accept a neutral position in our culture is to intimate that their 
intellect 'and education lack tangibl enoss in the lives of people , 
lack the essential accompanying sense of social vaJLues , and laS^a 
social frame of reference which would mak . their endeavors worth- 
while.."! 

In 19 .9 I talked about the social signif ic ce of science. I 
believed that the end of World War II and the .comic bomb had forced 
a dramatic realization of the impact of science on societies, 

"As teachers you should understand the full significance of 
this age that was initiated in tL3 violence of modern \7arfare — an 
age that welded forever in the consciousness of people the inevitable 
relationships between scientific knowledge and their social affairs. 

"The atomic age babies you will teach will not remember the 
beginning of the- atomic age. You must recreate the events that pro- 
duced the knov/ledge that enabled us to use atomic energy. You 
should ask an important question. Have the piedictions made after 
Worl * War II become realities? 

"The predictions: 

"1, Human beings now know how to destroy the human "race. 

"2. RocKets in five years will speed a ton of r.iail across the 

Atlantic in ^0 minutes. 
"3. The fuel tanks in cars will be replaced by a builtin fuel 

supply for the life of the car. 
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"A. Roadside gnsoline stations will disappear. 

"5. Oil as a fuel will disappear. 

"6. Coal mining as an industr)^ will cease. 

"7. Our atomic knowledge guarantees 100 years of peace, 

We are now educating the second generation of World War II 
babies and a comparison of the above predictions with the realities 
of actual events is almost ludicrous. Perhaps we have ceased to 
stress the social significance of science as a means of using our 
scientific knowledge for the betterment of society. It is terrify- 
ing to realize that in 1976 only one prediction is a reality — human 
beings now know how to de' roy the human race. 

For more than AO ye the science curriculum has remained 
basically unchanged, Retxect on the science curriculum now in your 
own school system as I review for you the current cui""iculum pat-- 
terns in science, 

^'The intellectual climate in the primary grades in science is 
as variable as the combineu climates of the polar regions and the 
equatorial regions. In some primary grades practically no science 
is taught. The science climate is cold and barren and suggestions 
for well-organized programs are met with the chill winds of the 
polar climate. In other primary grades science is well organized 
and well taught. The science climate is warm and lush and sugges- 
tions for improving programs are met with the warmth of equatorial 
winds . 

"The intellectual climate of the intemediate grades is some- 
what like the temperate zones with four seasons. Suggestions aro 
considered and more science is taught, although much ol it is re- 
stricted to the 5th or 6th grades. The. curriculum deals too. seldom 
with the current knowledge that students ha/e acquired from their 
cultural environment outside of school and , often with the odd 
knowledge the teacher 'picked up' in summer school. Elementary 
students know more science than we give them credit for and they 
can learn more science than we give them an opportunity to learn, 

"The intellectual climate of the junior high school is like 
the doldrums of the oceans. An informal study of 36 junior high 
school programs, topic for topic in science, revealed that the same 
topics are taught in each of the three grades — 7th, 8th, and 9th — 
and they arc many oc the same topics taught in elementary school. 
Without a designation you could not identify one grade program 
from another. Ihe intellectual climate of the junior high school 
is not built on the previous experiences of the students and their 
elemeittnry school science programs or lack of them. 
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"The informal study of the 36 junior high schools revealed that 
the study of fossil life was a topic in 50 percent of the 7th grades, 
43 percent of the 8th grades, and 85 percent of the 9th grades. Food 
making in plants is taught in 86, percent cf the 7th grades, 57 per- 
cent of the 8th grades, and 85 percent of the 9th grades. Weathering 
and erosion is taught in 6A percent of the 7th grades, 76 percent of 
the 8th grades, and 92 percent of the 9th grades. The use of simple 
machines is a topic in 14 percent of the 7th ^jrades, 79 percent of 
the 8th grades, and 85 percent of the 9th grades. Production and use 
of magnetism is a topic in 57 percent of the 7th grades, 71 percent 
of the 8th grades, and 92 percent of :he 9th grades. Characteristics 
and uses of water is a topic in 64 percent of the 7th grades, 57 per- 
cent of the 8th grades, and 76 percent of the 9th grades," 

The K-12 program, its present stacus: 

"A study by Patricia Blosser of the science backgrounds of 226 * 
students in required 9th grade science revealed that about one half 
of them had had no elementary science in grades kindergarten through 
the 6th grade (1) , About one half of them had had some elementary 
science but most of this group had not had it in kindergarten through 
the 4th grade but in grades five and six. Seventy-five percent of 
the students had had no science in grades seven and eight. Twenty- 
five percent of the students had had science in grades seven and 
eight, 

"This means that half of the students started 9th giade science 
with no previous formal education in science; a rather weak founda- 
tion in the twentieth century. The 9th grade teacher must surely 
have been a master teacher to combine the past experiences of this 
diversified group into a well-organized 9th grade program that pro- 
vided for the indivi^ aal differences resulting from tha vaiiety of 
backgrounds of these students, 

"One year of science is required for graduation. For some 
students the 9th prade science course will be a terminal course. 
Other students may elect biology, chemistry, or physics and if the 
pattern is true for this school, large proportions of them ar§ likely 
to e? *t them in that order, 

"As you think about the pr<^gram described by Miss Blosser 
compare it with the recommendations for a science program adopted 
by the National A^ ?ciation of Secondary School Principals (NASSB) 
in 1958 and 1 am sure you will recognize the need for a careful ^ 
study of the K-12 science program, 

'1, Programs in sdience should be developed and carried on 

as a part of a ontinuous program beginning in thi elemen- 
tary schools and extending through the senior high school. 
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2, Science study in grades 7-8-9 should build upon the program 
of science in the elementary grades. All normal pupils in 
grades 7-8-9 should be encouraged to study some form of sci- 
ence in e.ach grade, 

3, Schools should update their F.citnce programs to adapt to • 
the technological facts of everyday living, 

4, The curriculum must change in response to changes in our 
culture' (3), ^ 

"Permit me, if you will, to give as an example a school moving 
to implicate these recommendations. The public schools in Greeley, 
Colorado, for more than five years have had vertical committees of 
subject matter teachers planning a K-12 program in all areas of 
science in cooperation wich horizontal committees of teachers by 
grade levels. Now science is required in kindergarten through the 
6th grade and in the 7th through the 9th grade making a firm founda- 
tion for a K-:12 science program. Biology is also required of each 
student. Chemistry, physics, and advanced biology are elective. 
In this school system of 5,750 students 11 years of science are 
required. The c ^mmintees are constant] v at work reviewing, adding 
to, and improving the program with the overall objective of develop- 
ing what they consider a good K-12 program. 

"The K-12 program is not a new innovation or a new movement 
in science education. It is not a program which means starting 
afresh and building" over. It is a program that urges the review 
of the existing program in each school and a filling of the gaps 
where the program is not of the quality that it should be. This is 
a' task '-for each individual school and community. It urges the keep- 
in^^ of those parts of the program that are functioning well and 
are serving their purposes in education but it does mean eleminating 
those parts of which this is- not true and insertirig new parts in 
these places, 

"The in^cellectual science climate of the senior high schools 
is lik,e the desert, dry and unchange'able. The sand dunes of biology, 
chemistry, and physics shift back and forth, rearranging themselves 
but basically never changing. The possibilities of adding new 
courses such as geology, astronomy, meteorology , *and an understand- 
ing of technology (the application of pure science to industry) are 
Injected with finri convictions of prejudiced opinion rather than 
consideration of the abilities and interests of the students. 
Thousands of students will enter administration, civic responsi- 
bilities, and ^1 kinds of vocations in which, in the future, it 
will be most luiperative to have an understanding of what the current 
scientists are talking about, , 
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"The intellectual climate of our- science programs has been one 
of satisfaction, of limited opportunities for the study of the sci- 
ences, of limited opportunities for growth, and limited planning by 
science teachers to coordinate science programs in their school 
systems from kindergarten through grade twelve. Many teachers are 
still convinced that the rearrangement of existing topics, courses, 
and subject matter is the key to improvement,"^ 

"A few weeks ago I visited the Wax Museum in Washington, D.C. 
I stood silent a,nd in reverence in front of the wax figure of Albeit 
Einstein. There is not a book, a pencil, a folder, a tablet, or a 
blotter on the desk behind which he sits. On the wall behind Einstein 
is a small blackboard 'with cnly one , mark on it, E = mc . The impact 
of t\\e entire diLplay forces you fo "^^'nk of two words, feacher and 
thinker. The wax figure of the worlv s greatest scientist sits with- 
out test tubes, laboratory equipment, or science apparatus of any 
kind. Associated with him are only ideas of great quality: the new 
concepts he contributed to science/' We need a creative Einstein: in 
science education to ask ard to find answers based on new concepts."^ 

II. THE FUTILE GESTURES i\RE ^l^E 

Coordinate the study o£ science. 

Choose significant and practical themes. 

Throughout the years attempts have been made by various indi- 
viduals and organizations* to improve science education by selecting 
science content that is coordinated by significant and practical 
themes relative to science and its contribution to a better world. 
Samuel Ralph Powers of Teachers Colliige, Columbia University, was 
one of these individuals. He firmly believed in the late thirties 
and the early forties that there was a possibility of improving 
science education to make it more significant in the lives of sci- 
ence students and an important social agent in society. He gathered 
about him scientists and young scit ice educators to develop a series 
of materials that would be quite different from any on the market 
at the time. 

In 1942 I listed in a speech nine problems the group was 
studying. 

"The Problems of a Better World: 

"1. How can biological production be used to establish, promote, 

and maintain a better world? 
"2. How can personal and public health be maintained in a 

society? 

"3. How can the control of organisms be maintained in a society?' 
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"A. can an understanding oC the human life span be used to 

pro.Tiote a better world? 
"5. How can an understanding of the variation among living 

things contribute to making a better world? 
"6. How can an understandings of the interrelationships of 

living things contribute to a better world? 
"7. How can the production, distribution, and consumption of 

materials be improved to contribute to the forming of a 

better world? 

"8. How can the t:rans formation and utilization of energy be 

improved to promote a better world? 
"9. How can an understanding of the nature of the earth and 

universe contiibute to promoting a better world?"^ 

The materials the group wrote were never published. Some of 
the resource materials that various scientists had v/ritten were 
published. Although the majority of the problems remain in 1976 as 
major problems in the world, the ideas originated in 1942 for some 
reason never "caught on." I am sure they did make a difference in 
the thinking and the teaching of those who worked with Dr. Powers 
but an honest appraisal of the impact of the ideas after more than 
30 years is that the prograra of which Dr. Powers was the director — 
the Bureau o^ Educational Research in Science — was one of the futile 
gestures in science education. ^ 

Come tc grips with our o\..i beliefs, attitudes, 

and prejudices in the ai^eas o£ controversial topics. 

Throughout the years many futile gestures haVe been made to 
improve the teaching of science and the science curriculum. They 
were made by individuals and organizations who were sincere in thei^; 
belief that their plans and suggestions had merit and would appeal 
to administrators, science curriculum committees, and science teache 
One of the most difficult questions to answer is how do innovative 
ideas and suggestions for change become a part of the total pattern 
of science education? Who is successful in preventing change in sci 
ence education? Wliy is change relatively easy to introduce in ele- 
mentary science and so difficult to introduce at any other level of 
science education? In 1976 communities are still debating as they 
were 50 years ago the teaching of sex education and evolution.' 

In 1949 I was speaking in favor ^f sex education in the science 
curriculum. 

"It is interesting that an area in which we do so much thinking 
from puberty to death is one we know so little about in education. 

"We cherish our errors to such an extent that we are willing 
to perpetuate them. Knowledge is no criterion of behavior but we 
organize subj-ect matter specifically to eliminate concepts that 
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might be identified as sex education. The greatest obstacle is the 
attitude of adults. Improvement must first occur in the minds of 
the teachers, ia their attitudo.s, beliefs, opinions, and feelings. 

"We allow children to tramp around on the fringe of acceptable 
adult social behavior long after they cease to be children bio- 
logically. We are peculiarly amazed when they adopt unacceptable 
standards for their social behavior. We are properly awed and 
maliciously gossipy when the natural consequences of their acts 
occur. 

"The collection of desirable experiences is the obligation of 
the school. To make this selection teachers must appraise and analyze 
the individual, society, natural forces, and the learning process 
t'^ determine, uphold, and verify standards of social behavior which 
will culminate in stimuli more forceful, permanent, and desirable 
for the direction of individual behavior than the multistandard con- 
fusion of values which we now accept and promote with such non- 
chalance and ignorance of its effects on youth and adult alike. 

Educate about what is Ixappening now. 

In 1950 I addressed an audience concerning the neglected areas 
of energy and power in the science curriculum. I now classify it 
as a futile gesture. 

"T sometimes discover that I have neglected entire areas of 
subject matter — topics that are important to children and* ideas 
that are vital to this generation — because I have allowed myself to ' 
forget that as an adult, living in this century of science, I have 
a special responsibility to my students: to help them acquire a 
series of experiences that vvixj. prepare them for an understanding 
of a world when they move from childhood into youth and from youth 
into adulthood. 

"You and I and the children we teach were present in the world 
when the atomic age exploded about us. Did we immediately incor- 
porate it into our science curriculums? No, we waited for it to 
appear in science textbooks • 

"We are content to let the radio, the comic books, the niaga- 
zines , and the television programs instruct our children in reference 
to atomic energy. We have done so little to bring into our sch'ools 
,the filet mignon of living in the tv/entieth century. We would rather 
dust the dust from the coffins of knowledge that were buried cen- 
turies ago and pull forth some old cobwebby ideas that affect no 
one today and spend our time on topics that children are only too 
happy to bury as soon as they leave school. Hov; many years have 
we taught and demonstrated the three kinds of water wheels? 
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"Atomic energy is a concept that demands much understanding 
and much v/orking together as teachers to develop concepts for each 
grade so that children don't have to learn everything at once when 
they get to high school. 

"The use of power in reference to muscle power, wind power, 
steam power, the power of exploding gases, electrical power, and 
atomic power is essential fo an understanding of man's development 
of his power resources and it Is an easy way to help students under- 
stand the place of atomic energy in the history of man's use of 
power. Students are able to understand che similarities and the 
differences among the kinds of power that man uses and the sources 
of these powers • More important still is the student's conception 
of the possibility of the uses of these powers, 

"The greatest mistake we can make is to teach atomic energy 
in each grade. We have done that with health until the idea of 
health is almost revolting to students. An informal questionaire 
revealed that the one activity students would like to have only once 
was drawing a tootli. Guided by student questions, directed by their 
interests, stimulated by current events and cur own conception, of 
what is happening, we can achieve in this new field a directed and 
coordinated curriculum instead of the hit and miss proposition that 
we have had in science previously. 

"We are liKely in education to make a fad, a movement, a cause 
out of every new idea. Do you recall the feverish emphasis we placed 
upon aviation education? Everywhere teachers were urged to translate 
mathematics, spelling, reading, physical education, science, social 
studies, and all other subjects into activities significant to the 
understanding of aviation as though. all students were to be aviators 
or live in an age of air travel without ever touching their feet to* 
the groun ' 

Another neglected area in science education 1 tried to empha- 
size in 1950, which was also a futile gesture, was the study of the 
community. 

"The teacher who conceives the community in which he is teach- 
ing as a group of living things, in a physical environment will 
interpret that community to his students in a much different way 
than a teacher who does not have this conception. The teacher 
should see the community as a place in which air and water, and 
energy and materials, constantly flow through that coimnunity and 
make it possible for life to exist or not exists 
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"Such a teacher is concerned with raising questions in the 
ciassroom such as: 

If all life was removed from' this community what would 
remain? 

"2. Hov; has man changed this community? 

"3. What ideas in science have made it possible to change the 
community? 

"4, Who can namr the things tha** man has placed in this com- 
munity that wouldn't be here unless he was here? 

"5, Have the things that man has brought into this community 
been a benefit or a nutriment to^ the natural community? 

' 6, How can we make a scientific evaluation of our community?' 

I tried to be more specific about teaching for understanding 
of the community in another speech in 1950, 

"Scientific facts can be used to describe the community to 
primary grade children, to explain the community to junior high 
school students, and to predict the future of the community to 
secondary school students. A scientific description of a community 
includes the materials and energy that are available for use in the 
community. A scientific explanation of a community tells how these 
materials and energy are used, * A scientific prediction about the 
community reveals how the results of the way the materials and 
energy are used will effect the future of the community, 

"Students should recognize the difference between a natural 
and a social community. They should understand that natural om- 
munities can exist without man in them. And they should under- 
stand that when man becomes a part of a natural community the flow 
of energy and materials is changed. They should also underscanc 
that the flow may be beneficial or detrimental to the natural and 
social community, 

"Students should also know that when living organisms (plants 
and animals and human beings) are added to a community more materials 
and energy must be supplied to the community. An increase in tiie 
number of living organisms increases the amount of waste that must 
be carried away from the community. 

"The evaluation of a community can be made by determining the 
purity of its water, the methods of disposing of waste, the health 
of its people, the ease with which work can be done, the amount and 
kind of transportation supplied, and the amount and kind of communi- 
cation provided,"^ 
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Another futiJ*^ gesture of mine in an attempt to suggest signifi- 
cant and practical themes to coordinate the study of science wss my 
attempt to encourage science teachers at all grade levels to con- 
sider including in their science curricula a study of the life spans 
of plants, animals, and human beings. 

"All organisms live through a life span. No topic is of greater, 
continual, general, and genuine interest than the topic of the life 
span. Each person is having an experience with one part of it. It 
answers the questions: \fliat happens as organisms grow and develop? 
And, what happens to me as I grow and develop?. 

''With each different stage of the life span the personal ex- 
change of materials and energy from the environment changes. The 
expressions of desire and frustration change and are controlled and 
used for different purposes. A study of the characteristics of 
each part of the life span helps one to understand what is in the 
future for the person and what has preceded the present experiences. 

"The study of the life span enables one to visualize an organism 
in relation to its environment as the study of the community helps 
one to visualize the relation of community activities to individual 
organisms. 

"It is important in an interpretation of living things to dis- 
cover the common characteristics af all life spans from the protozoa 
to mammals. The topics of food, elimination, metabolism, nutrition, 
health, accidents, recreation, attitudes, beliefs, and responsibil- 
ities can be included in the topic of the life span. 

"Im.portant social application such as the control of insects, 
disease, and microorganisms depends upon an understanding of the 
life span of these living things. In the primary grados the oare 
and feeding of pets, the hatching of eggs, and health habits are 
all topics that can be woven into the fabric of a study of the life 
span# In the intermediate grades information concerning the func- 
tioning of their own bodies, control, responsibility for the adjust-' 
ment to factors that affect their bodies, the care and feeding of 
pets, and other similar topics can prepare students for Che impor- 
tant topic of body ^changes in the junior high school. 

"Materials for the study of the life span are continually all 
about them. The relationships of many scientific facts are easy to 
show in the study of the life span. Many times new activities are 
not needed in the science class but a new purpose and a new emphasis 
are important in the building of better attitudes about students 
themselves and the world about them."-^^ 
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Another most pitiful futile gesture in science education has 
been the teaching c' conservation. In 1953 I suggested three 
questions teachers should answer before beginning conservation 
education. 

"1. Wliat concepts about conservation are important for 

students to have? 
"2, Wiiat concepts about conservation education are important 
for teachers to have? 
5 "3. At what grade levels should conservation concepts be 
taught?"-^! 

The mammoth pollution problem^s existing on this planet in 1976 
emphasize the futile gesture of educators to try and prevent through 
education the conditions that nov7 surround us and th^ problems that 



In 1965 I was again futilely suggesting a new approach to cur- 
riculum renovation in the junior high school* 

**Our culture today is composed of basically two kinds of 
knowledge : 

"1. The knowledge man has discovered — science. 
"2. The knowledge man has created — technology. 

**The two are intricately interwoven in the activi'»:ies and the 
affairs of man. This is the world of the twentieth century in 
which students are living and will live. This world concept, emerging 
for the last 50 years, is one result of a growing understanding of 
the universe as a matter-energy system. An awareness , and a partial 
understanding of this system should be the foundation upon which 
physical and space science are taught and learned at the junior high 
school level. It is also important for the teaching of life science 
at the junior high school level. 

"The broad and comprehensive image of the important relation- 
ships existing in this matter-energy system and man's application 
of these ideas for the production of goods and services produces a 
fitting and desirable background for his study and deepening under- 
standing of the specialized sciences at the junior high school level. 

"This broad and comprehensive image is also important to an 
understanding of the basic productive activities of man in his com- 
munities. Ind,ustry, agriculture, communication, and transportation 
are based on an understanding, a control, and a predictive calcu- 
lation of the energy and materials needed for a system to produce 
goods and services for the use of people. In the "^niverse, in a 
community, in the human body, in the technological industries the 



now must be solved for survival to be a reality. 
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i-nput of materials and energy is necessary to produce an output of 
materials and energy .in the forms of goocj.s'* and services required 
for daily liyirtg in the. twentieth century /'l 2 

^ In 1960 I was pushing for a- reorganization of the curriculum 
in the elementary school. My ba<iic thrust was to get away from the 
fragmented, topical approach to elementary science and to coordinate 
the prCgram by introducing basic themes of scientific, individual, 
and social importance, I suggested five themes: 

JJl£ Human Body; Its Growth and Develop m ent . 
To me one of the most neglected areas of study of ^re- 
mendous interest and importance to the individual thr 
human body. The curriculum includes hygiene, anatomy, and 
physiology and with the exception of tlie late thirties and 
early forties practically np emphasis upon sex education, 
mental healthy boy-girl relationships, marriage, and an 
understanding of the adult and the period of senescence. 

"2. TliG History of the Earth j Its Changes and Future : ^ 

Most of the teaching is confined to dinosaurs ,*weather , 
volcanoes; and the solar system, with now and then an 
inclusion of the concept of the galaxies. The sweep and 
magnificence of the full history of the earth and its 
future IS largely neglected, 

"3. The Cycles in the Life Zones ; Photosynt;hesis , Nutrition - 
Respiration , and Putri faction-Decay . 

Photosynthesis, nutrition, and respiration are taught during 
a study of plants and the human body. The life zones are 
generally neglected and the cycles in them that produce 
evolving communities , eventually rea'^.hing their climax state, 
are neglected. 

I2}5. Orga nization of the Univers e ; I ts Forces , Objects , 
and the Exploration joi It . 

Tlie^ planned exploration of space has been larj^ely neglectod 
in elementary science, although familiar objects are over- 
taught. Very little is included in reference to the forces 
pperating in the universe. 

"5. The Scientific Evaluaticn o^ the Communi ty; The Impa ct of 
S cience on Conunimity Living. 

Practically nothing has been included in elementary science to 
help students evaluate how good their communities are in reference 
to the flow of materials :?nd energy, transportation, agriculture, 
and jndustry 

It is interesting now in the late seventies how important topic 5. 
has become since pollution has finally become a major problem. 
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III. SLOWLY THE INDIVIDUAL ARISES FROM TllE MULTITUDE 

Know the Individual. Know his concerns and his needs. 

In the thirties much of the attention of the educational community 
was focused on the individual in the classroo; and methods of teaching 
for individual differences. 

In 1929 I asked teachers to consider individuals in their 
classrooms . 

"How do you conceive your role as a teacher? Your conceptio.i 
of it will determine the quality of the educative experience of the 
children who are associated with you as a part of their education.^ 

"As a teacher you can squash and humiliate the personality 
structure or you can challenge and invigorate it. Which do you do? 

"There is no defensible goal of education other than the free- 
ing of the individual intellect to pursue ideas of interest and 
immediacy to him. 

"Education consists, for the teacher, of the permanent excite- 
ment of viewing and predicting what an individual may become when 
freed to become that of which he is capable. "^^ 

/ \ 

In 1950 another method of handling individual differences was 
introduced : science clubs. I addressed myself to this topic. 

"Many times we do not challenge students so that they have to 
think beyond what they already know and we wonder why they become 
bored and uninterested in the work they are doing. 

"It ife important to have a well-organized program in" which 
there is provision for experiences that will help children learn 
certain basic science facts and principles each year. 

"Growth has been defined a;5 increase in size and bulk. Many 
of our science programs are of a similar nature. V/e increase the 
size and the bulk of the science facts that students are to learn 
without reference to previous learnings or eliminating anything from 
the programs. 

"A science curriculum should change in function as children 
mature. The same ideas do fioX. need to be retaught but their applica- 
tion should be related to experiences ofychildren at different 
maturity levels. Their scientific knowledge will function dif- 
ferently as they gro;; and develop. 
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"Many teachers do not like to deal with the coiibiion knowledge^ 
of students because the teaci.ers* interests in the scientific world 
ar narrow. Students often ask questions teachers can-^ot answor. 
Students ask questions that do, not fit into any scheme of organiZri- 
tion the teacher had planned. Often questions put teachers the 
spot. Host;^^ teachers ag: >o that if they felt secure in hanc* 
these situatMpm^, that these experiences would be desirable. 

*'T]. 1^ is also a. danger that an ehtiru science, curriculum may 
become raudom in nature with no organization if students are not 
trained to evaluate their questions and their experiences as tc 
their desirability for class discussions and stud^^ 

"Many eadhers have bemoaned the fact that student<=; are actively 
interested in science clubs and they wish that they could get the 
same interest in science classes. In science clubs students often 
organize their activities and projects that are of current vital 
interest to them. These extracurricular activities are often more 
r functional in the lives of children than are the regular formal 
activities in the science class'^^oom. Why not use science clubs and 
their topics as curriculum takt off poxnts?"^-^ 

In 1950 I made whac at the time I thought were most profound • 
statements about science education. 

. . . \ 

''1. The ^imitations on individuals imposed on the educative 
proce^a by its designers ;L*re^ ^he fundamental *:hreats to 
the energizing f>rces for change in^ any culw^re. 

"2. The conceptualization of what an individual can become 

through education is as importan*" in the educative proross 
as the * ^.ersta'xiing of specific concepts in each discipline. 

"I am sure you remember the tremendous emphasis oa^ problem 
solving — a meLhod by which the individual was allowed to stat^ the 
problem he wished to study, plan how he would solve it, and ' • ::ome^ 
the major factor in its solution. The interests, needs, and cor>- 
cerns of students became a fundamersgial iscue ir* education; John 
Dewey was the acceptecf educational- philos^olier . The Progressive 
' Education Association (PEA) flourished. 

"When jfrocess becomes the direct 've for learning content, the 
content is limited to the" successful manipulation of the prcccss 
and education becomes the art of the practitioner rather than the 
development cf the individual. 

"3. A philosophy of education is as impor'tant in the educative 
process as the understanding of specific concepts in each 
discipline. 
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'^Throushout these decades three distinct camps waged wac among 
'heiDselves, The authoritarians construct-id curriculums by accepting 
values from external sources. Content, they said, should be deter- 
mined by scientists, process is the "D'^iiencing of content, and 
children should learn scientists' enow. The laissez faire con- 

centrated on the individual and his giowth and development. His 
source of values was the individual. The experimei^^-aHst * s source 
of v^ues was experience "^^ 

In 19*^8 I was speaking on the different approaches to the science 
curriculum in the elementary and secondary schools and their impact 
on the individual learner. 

•**We iiave two basically different approaches to the curriculum 
of science in the 12 years of a child's life in the public school. 
The first six years a^e dominated by the idea that the curriculum 
must be raolded to fit the maturity of the learner. The last six 
years arc dominated by the idea that the learnar must be moldec. to 
fit the subject of science he is studying. These two incompatible 
concepts of curriculum juaking in science are the reasons that we 
have a problem concerning the role of science in the Aiiierican pubx.>. 
school system 

"The gr'^'^t advances in science curriculum building v^ill not 
-come* from the collectio'n of new organizations of existing science 
curriculums but" from the development of new concepts of what the 
K-12 science curriculum should be."!^ 

In 1963 I adaptea some ideas I had learned fro... John Lawrence 
Childs of Teachers College, Columbia University in 1942. He had 
lectured about his idea.s pf the four levels c". learning]. /I tridd 
to adopt his ideas to help teachers see the studen^«; in their classes' 
in a new perspective. 

"The fnrst level of learning. (Hold ip a partially rusted 
half gallon fin can.) This can is responding to the imbalance 
between itself aiid its environment and it is modifying itself as it 
learns.. Tl is rusting away. It is combining itself with its environ- 
ment and when the rusting process ^is complete there will be no can 
and a b^lance will have been achieved between the can and its envitoVi- 
ment. 

"You may have students who remain at this level of learning 
and rust away intellectually.. They respond to their "environment in 
the classroom' automatically with the abilities with which they were 
originally endowed as human beings . The imbalance of the oxygen 
and carbon dioxide mixture in their lungs forces them to try and 
mai^itain a balance. They breathe unconsciously, as the tin can 
rusted unconsciously, and* they remain alive in the classroom but 
that is all. 
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^'The second level of learning is the response level. (Hold 
up a mimosa plant.) This level of learning is like the mimosa 
plant. It adjusts to certain stimuli in its environment. As I 
touch the leaves of the plant they fold. In a short period of time 
they will reopen. Response and adjustment take place in this living 
organism. It is a low level of learning because the response is 
always the same. Some teachers treat their students as though they 
were mimosa plants. All they expect students to do is memorize 
what they are told to memorize and repeat it back when the proper 
stimulus is given by the teacher. 

"The ti.ird level of learning is called the problem-solving 
level. A monkey net only responds and adjusts to the imbalance in 
his environment but he attempts to solve problems and change con- 
ditions to better suit his purposes. This is the level of purpose- 
ful learning; the level at which learning now is effective for living 
tomorrow. Those* of you who i:epch by the problem-solving method are 
introducing the concept of purposeful learning to your students 
and skills that are effective in their future life. 

"The fourth level of learning is called .the creative level. Man 
has distinguished himself witti a mark of genius by creating ideas as 
significant as the conceptions of space, time, matter, and energy. 
Teachers who identify students who are able to operate at the crea- 
tive level of learning and make it possible for them to do so contrib- 
ute to the great reservoir of creative ideas from which one day new 
concepts may emerge. Few cf the geniuses of the world attribute their 
creativity to the stimulation received from their teachers. 

. ' IV. im GRIIAT PkOCL\M/\riONS 
Inprove the science curricu urn. 

Ir. 1962 I listed some of the great proclamations made in American 
education 'throughout the y^ars. 

"In 1910 sci^.nce was conceived as a service for the improvement 
of the activities of men as were all subjects in the curriculum. The 
Seven Cardinal Principles of Secondary Education wer^ lo be the direc- 
tive for the otganizatiori of science and other subjects in the junior 
and senior high schools (2). Courses of , study consisted of selected 
subject matter that would emphasize health, command of fundamental 
processes, worthy home memberships, vocation, citizenship, worthy 
use of leisure time, and ethical character. 

"Do you remember the great proclamation — children must not lose 
contact with nat;«re? The impact of urbanization concerned Anna 
Botsford Comstock. She wrote the Handbook of tJainre Study (4) and 
Cornell University publiched the Cornell Rural Sohool Leaflets (5). 
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Both publications emphasized nature study, not elementary science, 
as a means of perpetuating the agricultural society as opposed to 
the industrial society. - Inoystry was an energizing force for change. 

"Do you also recall the great proclamation — children can learn 
science by reading? Thirty years of nature study were finally made 
a part of the reading program and the ffrst nature r^^aders appeared 
on the market, written by Edith M. Patch and Harrison E. liowe (7), 
and Ellis C. Persing and Elizabeth K* Peoples (8). "19,^ 

"The 1932 National Society for the Study of Education (NSSE) 
yearbook emphasized the development of learning exercises around 
broad principles of science which are fundamental to the understand- 
ing of science (6) . 

"This yearbook became the bible for the science educator but 
the emphasis was quite different from the Seven Cardinal Principles 
of Secondary Education , 

V is was a recurrent theme in my talks for in 1949 I said, 
"Anot\er great proclamation was made by the PEA movement that placed 
emphasis on four areas ot living for the purpose of the adjustment 
of the individual. All areas of the curriculum were to organize cur- 
ricult^ms to emphasize the four areas: 

"1. Self -personal . 

*'2. Home and family. 

"3. Community. 

"4. Economic relationships. 

"Attempts to organize a science curriculum to ..mphasize these 
areas was almost disastrous. I remember clearly working on a state 
course of study that organized the science curriculum in this manner. 
It was never published." 

"I was also engaged for many years in a reorganization of the 
junior high school curriculum to be called Unified Studies. The 
basis of the program was problems concerning individuals and croups, 
getting along well with others, following plans and directions, ^ 
using the Problem solving method. 

"The 7th grade students studied the imorovement of personal 
appearance, the influence of the home on behavior, the influence o 
beliefs on behavior, and the improvement of learning. The 8th grade 
<5tudents studied transpc tation. materials and energy (our resources), 
agriculture, industry, and communication- The 9th grade students 
studied selecting a vucation, characteristics of the population, and 
the changing earth. 




"The idea was never popular with the public schools and it 
became another one of the futile gestures in the improvement of sci- 
. ence education* "^-^ 

The High School-Life Adjustment Program was another program 
that died a quiet death (11) • It was sponsored by the federal 
govrrnment. In 1949 I was explaining the program to science teachers, 

"Life adjustment education is' defined as that which better equips 
all American youth to live democratically with satisfaction to .em- 
selves and profit to socit^tiy as home members, workers, ari citizens* 



"Thi objectives of the program a 

"1* Ethical and moral living. 
''2* Citizenship* 

Home aud family life* 
"4*, Self-realization * 
^ "5* Use of leisure* 



"6* Health and safety* 

"7* Consumer education* 

"8* Tools of learning (number, 

language) * 
"9* Work experience* 



"There is a f-reat question in the minds of many science teachers 
as to the suitab: ity of these object .C'S for scie.nce education* Many 
teachers believe the suggested objectives have always been the objec- 
tives oi the social studies curriculum and that it is the responsi- 
bility of social science teachers to make this program ef f ective*"22 



V* TOGETOER \\H STAND 

Rely on scientist^^ for directives 
in science cuniculun iinprovemcnt* 

In the sixties I returned again to the statements scientists 
were making that should have a profotmd effect on science education* 
Among **hem were: 

"I once listened to Carl Gustafsoii talk abcat his research 
involving the internal secretions of the body. T was thrilled to 
hear this great man explain his probleiAs, his work, and his findings* 
This sprin-g^yi^'Tbir^tened to Dr* Gustafson again* I was prepared to 
hear about the recent research in his field of science. This I did 
not hear* 



"I heard an impassioned plea for scientists to work for peace* 
He documented his plea with scientific ^acts relating to materials 
and energy and needed research* He pleaded with us to drill into 
our students the great social responsibili^^y scientists have to 
direct their research toward peace* He asked that this be a purpose 
of science. 
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''Scientists and science educators are speaking a similar 
language • Together we stand for socially significant purposes in 
science and science education/'23 



"The present status of science in our culture is most realis- 
tically described by Snow in a magazine article (10), He asks 
this question: 

'Have we begun to comprehend even the old industrial revo- 
lution, much less the new scientific revolution in which 
we stand? There never was anything more necessary to 
comprehend. • Out of the industrial revolution >:rew an- 
other change, closely related to the first, but far more 
deenly scient: f ic • This change comes from the application 
of real science to industry. I believe the industrial 
changes involving elentronics, atomic energy, and auto-^a- 
tion are in cardinal respects diiferent in kind from any 
we have experienced before and will change the world iiiuch 
more. It is this transformation that, in my view, is 
entitled to the name of scientific revolution. ^This is 
the material basis of our lives, or more exactly, the 
social plasma of whic'^ we are a part. And we know almost 
nothing about it.,,, \fliy aren't we coping with the sci- 
entific revolution? If one begins b> thinking only of the 
intellectual life or only of the social life, one comes to 
a point where it becomes manifest that our education has 
failed us '"24 

'*One of the finest quotations in reference to the goals of 
science, I believe, was made by^Lee DuBridge, 

'Scieice will be judged not by how fast it helps us to 
travel, but where it helps us to go. '"25 

Promote ti^e objective of literacy in science. 

"Harlow Slvapley wrote , 

'As we used to hold in significance the alphabet of 
language, today science has progressed to the place where 
alphabets have been developed that represent the accumu- 
lated knowledge — classified, and verified, and expand- 
able — with vhich one thinks basically in science. 

'1. The periodic table in which matter is classified. 
'2. The electromagnetic spectrum in whicl^ energy 

is classified. 
'3. The geological timetable in which time is 

classified. 

'4, The classification of space in which the mater- 
ial systems, electrons to galaxies, are classi- 
fied in order of size or mass'" (9)^^ 



ERIC 



69 

74 



VI • Hm TRINKETS SOUND 

Develop coordinated, well -planned, and structured 
programs from kindergarten through tlie 12t}\ grade. 

In 1955 I was beginning to promote vigorously the concept of 
a K-12 curriculum* 

"S^cience education has two aims: 

"1* To teach students the factb and principles with whiuh a 

scientist thinks . 
"2, To teach students how a scientist discovers these facts 

and principles. 

The training of a science teacher involves training for the 
understanding of the facts and p^'-^nciples and the method of the 
scientist. 

"The acceptance of these ideas can deteiudne the program in 
science in the public schools. The science educator has the task 
of selecting facts, principles, and experiences for each grade level 
which is part of the science program. The organization of a science 
program based on the facts and principles of science presents the ^ 
problems of selection and grade placement. 

"The science program in the public school should be a cumula- 
tive program from the kindergarten through the 12th grade. It should 
be organized around the principles of science. In each grade students 
should have the opportunity to learn and to have experiences wich 
science. Each grade should have as a pare of its program definite 
concepts that are taught to help students understand a principle of 
science. As students learn more and n. re concepts and have more and 
more experiences the principles become meaningful and useful to them 
in explaining and predicting their enviroiimeni.. 

"In the first nine grades the cumulative program should be in 
operation and it should be divided into five main topics of science: 
plants and animals, t^ e human body, the earth, the universe, and 
mat or-energy. Students should know some facts and have some experi- 
ence with each oC these areas at each grade level. 

"In the last three grades there should b^ a double track program 
for the science studc;nt. He shorld have biology, physics, and 
chemistry. He should also have the opportunity to elect such sci- 
ence subjects as astronomy, geology, meteorology, human physiology, 
and other science subjects. These should be for the student with 
particular potertiallties and interests in various fields of science. 
For those v/ho are no^ --oing to enter the field of science as a 
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vocation there should be three major courses for the modern citizen: 
a course in the physical sciences, a course in the life sciences, and 
a course in current science. Each of these should be coupled with 
the social aspects of science so that a person graduating from the 
modern secondary school knows the extent of the application of sci-- 
ence in a persons daily life/*^^ 

In 1956 I extended this idea but concentrated on the -elementary 
science program, 

"The role of .science in the elementary school can be defined as 
a series of experiences a child can get in no other way or in any 
other place* Science in the elementary school should be a series of 
cumulative experiences so that students use the knowledge they have 
gained in one grade to make the work Af the next grade more meaning- 
ful and to make it possible to extend their previous knowledge at 
each grade level, 

"One of the roles of science in the elementary school is to 
help children learn concepts by a variety of experiences so that 
they realize the world of knowledge is the result of many, many dif- 
ferent kinds of learning activities, 

"Another role of science in the elementary school is to make 
possible through experience the development of a concept that has so 
much meaning associated with it that a child can use it in many 
different kinds of experiences, 

"The primary grades are good grades to emphasize throcgh experi- 
ence that the role science in the elementary school is one of 
helping the child describe the environment in which he lives • In 
the intermediate grades the role of scie.ice is the beginning of 
true experimentation. Throughout the elementary school a continuing 
role of science is helping children learn scientific attitudes , "^^ 

liach science teacher must contribute a 
visualization of science education K-12, 

In 1958 I was speaking about the rationale for a K-12 program 
in science, 

"The K-12 Prc<?ram: A Definition: 

No curriculum is worthwhile unless the science teacher visualizes 
its eutirety. In 1958 this conceptualization appr^ared. 

"K-12 means kindergarten through the 12th grade. Program means 
the ekpe^iences young people have in school through wliich they develop 
those concepts associated with the fieJds of science. The nature of 
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these concepts is twofold: concepts associated with the products 
of science (science content) and concepts associated with the sci- 
entific modes of thought (the processes by which scientists develop 
new science concepts). 

" The K-12 Program ; Its Objective ; 

"The objective of the K-12 program is an organized, sequential 
series of experiences beginning in the kindergarten and continuing 
through the 12th grade v;hich hav a cumulative effect in that each 
experience helps the sfdent develop science concepts that help him 
to continually better understand major scientific principles and 
processes . 

" The K-12 Program : The Reasons for Studying It ; 

"We have concerned ourselves with the whole child but not with 
the v;hole program of the whole child. Educators have urged us to 
conceive all aspects of education as effectors of the total per- 
sonality structure of the student. It is their contention that any 
experience is responded to and effects an individual as a function- 
ing whole organism rather than one whose parts function separately 
during various experiences. We have accepted the principle that on- 
togeny recapitulates phylogeny in the growth and the development of 
each individual of a species but we have had difficulty in accepting 
this same viewpoint in reference to education. The sum total of ^ 
student's experiences as an individual in a culture directs his be- 
havior in each nev; experience and each experience refashions that 
behavior in reference to the sum total of his experiences and the 
personality structure that has developed as a consequence of them« 
< 

"If this premise is accepted then growth and development and 
their concomitant changes in behavior make it ess tntia.l that we 
carefully consider the series of experiences in sciencii the student 
will have for his 13 years of public school education, if we have 
values in mind which we would like to see become a part of the in- 
dividual. The acceptance of this premise means that we must survey 
examine, evaluate, and appraise carefully the total program in 
science as well as the total individual who will participate in it." 

In 1959 I refined these thoughts in listing the characteristics 
of a good K-12 science curriculum. 

"1. A planned science curriculum beginning in the kindergarten 

and continuing through the 12th grade. 
"2. A curriculum characterized by the careful selection of 

experiences for each grade level that enable students to 

do.veJcp science concepts. 
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"3. A plaitp.ed sequence of experiences that result in a con- 
tinually growing and developing understanding of basic 
science principles. 
"4. A program that gives experiences in all areas of science 

to both boys and girls at each grade level. 
^'5. A curriculum designed to add new experiences and new 
concepts to the education of the children at each grade 
1 evel. 

"6, A program that includes experiences to promote continual 
growth in the mastery of skills essential to problem 
solving and the development of scientific attitudes. 
"7, A program that recognizes that children will develop con- 
cepts of varying qualities from any one experience and 
evaluates to discover the quality of the concept the child 
has developed. 

In 1960 I attempted to use the concept of the evolution of a 
natural community to its climax state (learned from Samuel Ralph 
Powers, Teachers College, Columbia University, 19'41) to set the 
stage for a summary statement concerning the K-12 program concept. 

"We often have our feathers ruffled by the winds of conflict 
set in motion by those who think differently than we do. Sometimes 
we are chilled and sometimes we are overheated by the extremes in 
temperature produced by various pressuife groups. The light of in- 
spiration that emanates from the men of distinction speak of and 
about education stimulates us. We are often caught in the riptide 
of the fluid, liquid interests of our students that seep into every 
crevice and cranny of the universe. We are gorged with the fine 
fruits of scientific experiment. 

"Our stimulus-response mechanisms are barely equal to adapting 
to these forces of interaction present in the environmcint of science 
education today. Whether or not these forces can be molded and 
welded together to produce a climax communxty of cooperative, in- 
telligent, and stable thought in science education will be deter- 
mined by those who compose the present community. The one caus- 
itive factor in these ecological relationships tl*at may enhance 
and brighten the future of our community may we^^l be the collective 
desires for improvement by those of us who have dedicated our pro- 
fessional lives to the problems of science education. The emergence 
of the climax community may well depend upon our abilities to 
appraise realistically the state of affairs of this community. 

"We need to develop a scientific mode of thinking for science 
educators that makes us refrain from using personal opinion as the 
final judgment in periods of decision making. W** should reject the 
past as the sole determiner of the future. The ^ood of the past is 
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good now, only if it is good for something at the present moment. 
We need to accept the idea that if we agree something is good to 
do ten years from now, now is the time to do it. 

"Within any community individuals must, of necessity, recog- 
nize the bright comets of educational thought for what they are. 
We have seen many of them suddenly appear and disappear. Some of our 
members have become missionaries and have burned themselves out in 
the v;hite, hot heat of fiery vision. Some have panicked during sud- 
den innovation and changed jobs. 

"Within any developing community we must, from time to time, 
live with the hot fires of criticism that belch forth spontaneously 
from the magnificent volcanoes of human emotion possessed by some 
individuals. The hot lava spews from their minds .and tongues and 
spreads across the land, searing and burning and destroying some 
people, irritating and stimulating others to action to bring the 
volcanoes under control. Uncountable numbers of people have attempted 
to perpetuate an ice age through their glacial action on the science 
programs in an attempt to freeze them into insignificance or bury 
them under the accumulated tons of dogma built on the mountain tops 
that of its own weight spreads to the valleys below, directing the 
lives of many rather than being directed by them. All of these 
forces help characterize the ecology of our educational community. 

"The present events on the continent of education — the slow 
erosion of those great Appalachian programs conceived prior to the 
scientific revolution and the slow rise of the Rocky Mountain cur- 
ricula now in the makirt"^— mus t not be the victims of the runofT 
waters of indecision of either mountain <,hain for they might end 
in a vast river of educational sediment eventually deposited in 
the great ocean of education experience, to metamorphi/ce into layers 
of programs whose fossil remains are so fondly studied by the students 
of the future who are interested in the quaint approach to crisis 
we were so satisfied with in the twentieth century. 

"What is ihis K-12 program to which we have devoted so much of 
our effort and time this year? To me its establishment will be the 
climax community of science education. "*^-^ 
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Promote revised clianges in science 
education as science and society cliange . 

Patricia Blosser, in her letter of invitation to write a chapter 
for the yearbook, suggested that the contributors might devote some 
thought to uhe future of science education as we saw it, I believe 
I did that' in a speech in 1958* 

"Ever since Russia shot a small sphere into the air chat rose 
to its predetermined orbit and beeped continually around the earth, 
we have had strange and peculiar reactions^ to our own way of doing 
things in science education. 

"For the education reeded 30 years in the future, 1988, let us 
now educate our present generation to live in space ships, to cope 
with the problems of landing and living on Mars, with the problems 
of a united galaxies, for a peaceful universe, with the problems oi 
automation where machines replace men, with the problems of no auto- 
mobiles and transportation entirely by air, and perhaps through 
wires, with an age in which communication orally is unnecessary and 
mental telepathy is possible with the goal to think we] 1 rather than 
talk well. 

"Let*s educate students to be ready to cope with additional 
leisure hours and days each week_,as machines do more and mors of 
the work and man does less and less of tne work. Ah, yes, for the 
final coup d'etat, the role of piloting and traveling in flying 
saucers. 

"The nation would rise in arms at such suggestions — preparing 
the children for the future — but when that future comes they will 
rise in arms because they were not prepared. 

"If the public wants the best science prograirs that we know 
• how to produce, give us the money and the teachers. if vou want 
a good science prograip give us the money for the Laboratories and 
the equipment. If you want well trained teachers, give us the 
money to do it. Give us adequate classrooms an' adequate labora- 
tories, set aside $50,000 to put science equipment in the public 
schools of each community. And I don't mean the old science equip- 
ment that was used in 1900. I mean the equipment youngsters should 
learn with now: telescopes, atomic piles, models, radioactivity 
models , seismographs , gravity determiners, the materials of the 
International Geophysical Year (IGY) . Yes, it will cost, but how 
else will you educate them to be ready to use them? Give us money 
to send our teachers to Oak Ridgo and Brookhaven, The world moves 
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on and knowledge changes . Give us models of rockets and satellites 
and tha instruments in them. Hake it a science curriculum of this 
century. "32 

And again .in 1962, "The problem of curriculum construction in 
science is not one of making a curriculum, it ^is the problem of 
modifying the present curriculum for more effective K-12 education 
of youth, 

"The important problem in education is not who should teach 
vhat but when and how it is most effective for boys and girls to 
learn. Leadership should be a directive for the future and not an 
analysis of the present. 

"The conception of what is science, like the conception of what 
is marriage, is in direct relationship to the maturity level of the 
student. It is different things at different times in the matura- 
tion process , 

"Experiences and concept dwvelopment at various grade Isvels 
should be determined by the prevalence of these experiences and 
concepts in the culture that are selected in reference to the sci- 
ence maturity of the student,"33 

The content of this chapter may, leave the reader with a sense 
or futility, a feeling that there is very little to be gained by 
devoting a life to the improvement of science education. Possibly 
the ideas were not appealing to others but one wouldn't want to 
think about that, would one? 

I have tried very hard to be honest, to objectively evaluate 
the results of my efforts but not to discourage, only to reveal the 
experiences of a change agent in any segment of education. That is 
why I ended the chapter with the section TIDE TRUMl^DTS SOUND. After 
a lifetime of strug^,.e an idea "caught on," NSF hab accepted it 
and is proposing a study of the status of the K-12 programs in the 
United States, 

Anyone who has suggest ] change understands the emotional 
reaction that accompanies the ideas. Those who accept the challenge 
of avidly seeking improvement should be ready to accept defeat and 
to *bc humble with success. 

If the individual drive to bring about change in any facet of 
our society disappears, society is domed. The strength of one's 
beliefs is satisfying and respect is the reward. 
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What is the directive for the future? I^lio knows? Those nov? 
in a position of leadership will probably -determine it. May they 
v',^ h an understanding of the substance of ne past offer well thought 
out recommendations for the future. 
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SO?^ COMMD^I^S ON THE HISl'ORY OF SClEiCE 
EDUCATION IN TrIE UNHrO STATES 

H. SmOUR FOWLER 

Chairman^ Science Education Faculty 
The Pennsylvania State University 
Un^veraity h'avky Pennsylvania 



The science educator or practitioner recognizes that any system 
is the product of its history. Also, the science educator will 
recognize that we can understand elements of che systoiji as seen in 
the present by st\idying the past and perhaps by so doing our past 
^^rroiTs need not be repeated. 

It becomes evident tc the careful observer that the direction 
taken by educati'^n is 1.. luenced both by time and place. lu no 
location has this been more evident than in the United States. If 
we look at objectives, methodology, and content of secondary school 
science education in the United States it becomes obvious that all 
three have been profoundly affected by che history of cur developing 
nation. In fact all three, the objectives ^ the methodology, and the 
content of science education, have evol'ved in consort with che 
developing nation. Science education is no exception to the con- 
tention that it reflects the influences of time and place. 

EVOLUTION OF SECOmVRY SCFIOOLS 

The evolution of sec:>ndary schools from the Latin grammar school 
to the American academy to the h'gh school illustrates the. develop- 
ment of and gradual but inevitable change in school systems in the 
United States. Time and place and schools evolve together. 

Even. though the settlers in the new world (the American 
colonies) intended to start anew in their religion, politics, and 
methods of earning a living, history tells us that the immigrants 
planned no new starts in their pro^yrf^ton for secondary education. 
They simply transplanted the old world^uropean humanistic secondary 
school to a new locale. These humanistic secondary schools vere not 
really "new." They had been cried out in Europe and \ ' established 
a pattern o^ the study of Latin and Greek tongues by youth who were 
supposed to Chen rnderstand antiquity. The schools developed with 
an objective of studyir^g man In all of his iiumanit^ , whatever that 
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means. By so doing, students were supposed to learn and speak 
Latin elegantly. In the old world theso .so-called La' in grainmar 
schools c\^ol/ed in o the secondary schools — colleges and lycees of 
France, the g/mnasium of clrmany, anJ l)y the same name the Latin 
grammar schools of England; 

:'f - 

The Latin Gramjiiar School ' ^ 

The early settlers in the colonies tried^.to imitate, if not 
duplicate, their homeland schools. Therefore, it seems appropi 
ate to discuss the transition here. The English Latin grammar 
school provided the pattern for most colonial secondary schools. 
One must remember that the early ettlers to the new world came to 
our Atlantic seaboard and many had their origins in those groups 
searching for religious freedom. As a consequence the nev; world's 
secondary schools tended to follow a reformation pattern of human-- 
istic education of oirigin notth of the Alps rather thar one of the 
Renaissance pattern to the south. Therefore, if a young boy v;ere 
enrolled in a Latin grammar school he did not expect to cultivate 
an aesthetic enjoyment of those elements designated as the human- 
ities. On ^he contrary he expected, even more, to prepare himself 
to enter the colonial colleges and enter a profession related to 
the church or state. In his curriculum the student expected 
humanistic rather than naturalistic studies, classical rather than 
scientific studies. The proponents of the Latin grammar school 
described their studies as formal discipline of the mind. 

We must rememb*^r that boys entered the Latin school as early 
as their seventh ' .-ighth birth date. Generally by that time th 
had learned to rc- . Nevertheless, some Lctin granmiar schools in- 
cluded reading as one of their subjects. Probably preparation in 
the Latin grammar schools in the new world did not adv nee one's 
education to as great a degree as it did to promote social mobility 
both in one's economic class and in one's social status. As such 
the Latin grammar school remained the typical colonial secondary 
school during the seventeenth and eighteenth centuries. However, 
it is safe to say that the school never became an important force 
in the developm.ent of the life of the Atlant'c seaboard. 

So let us pause here and consider that we have described an 
apparent expression of education reflecting time and place. Here 
were the colonies c.'osely attuned to the motherland and their schools 
reflected this relationship* However, this would appear to be only 
a superficia' emphasis because apparently t'«cre were wi*-hin the 
colonies seeds of change. Latin grammar schools flourished rnd 
expanded but they remained localized '^t their best. Massachusetts 
passed statutes requiring towns of a certain size to establish and 
maintain a Latin grammar school. Massachusetts way apparently the 
leader in secondary school education in those early days. It is 
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of interes': to note that the Latin grammar school in its new setting 
in the co' jnies served the needs of a small percentage oi clie popu- 
lation, in particular iu our southern regions. As a result, long- 
time, adequate support for Latin grammar schools was impossible. 
The "intellectually elite" were too few and not concentrated ia 
places where Latin grammar schools might develop. 

It may be useful to "look back in time" and examine rhe func- 
tion of a beginning attempt at secondary school ec^* ^rion in those 
early colonies which later became the nuc-^eus of th- United States. 
It would seem apparent that the Latin grammar schools served their 
purpose. The young developing nation had not yet severed its ties 
to the parent establishment, England. Programs of education in the 
Latin grammar schools in the new world did imitate and reflect their 
precursors or progenitors from the old world. This they did and as 
such they served their purpose of providing personnel to assume 
leadership roles as members of^ the clergy or civil servants for the 
state. Today in the United States there is no semblance of this 
earlier school system which was an import and transport from the 
old world. We find no science courses in the offerings of the Latin 
grammar schools. This is understandable because science had not yet 
become established nor were the objectives of the Latin grammar 
schools in accord with a dire^^tion of objectivity in content coverage 
l^evertheless, the existence of the Latin grammar schools in the seven 
teenth and eighteenth centuries rellects the pressures of time and 
place. 

The American Academ)^ 

We move historically now into the eighteenth century and the 
establishment of a new form of secondary school in the volonies, the 
American academy. The oider form of administrative organization — the 
Latin grammar school — apparently could not cope with changing social 
conditions. We m^st remember also that secular interests began to 
crowd religion out of its dominant position in people's minds. 
Political ferment was also in evidence in the eighteeiith ccutury. 
The colonies had begun to develop unsatisfactory relationships with 
both England and France. The colonists became a unif leT^grtmp-^f^ 
states with interests .in the scientific movement. As a result it 
be .ame increasingly apparent that the colonies would neel a new 
and different educational system that would do more than prepare 
young men for th? ministry or for a place in government. 

We find the new schools, the academies, developing both in 
England and in the colonies. It is not known exactly whether this , 
development reflected similar stimuli. It is apparent, however, 
that in both situations the schools represented a distin'^t change 
from those v;hich preceded them, the Latin grammar schools. Of 
interest is the fact that Benjamin Franklin (1706-1790) statesman. 



83 

88 



scientist, and man of raciny talents proposed the establishment of 
tl^e first acaderay in PhiladuJphia. Unfortunately Franklin's academy 
did not apparently catch the fancy of hi' fellow Pennsylvanians and 
became in time a college-levr 1 institution. Massachusetts proved a 
more hospitable location for * he academies and one of the early 
successful academivis was one at Andover established during the 
Revolution. This academy at Andover proposed to train boys for life. 
The academies also expressed a concern for education for the terminal 
student and so we find an attempt to do just that — in addition to 
preparing young boys for college. 

Perhaps here we find the early beginnings of what became the 
comprehensive high school movement. Different subjects were pre- 
sented which included not only the old (;reel< and Latin grammar but 
also practical geometry, logic, and geography. This was a departure 
from tradition. However, Franklin's academy proposed even greater 
changes including dispensing with the classics. In addition the 
inclusion of arithmetic, geometry, and astronomy were suggested as 
subjects which illustrated Franklin's and the academy's emphasis 
on utilitarian education since some of the major occupations of 
the day wore seamen, surveyor, and merchant. Also emphasized were^ 
the natural sciences, geography, history, and morality. It was 
important, according to Franklin, to view history in terms of its 
social uses. Franklin perhaps war> ahead of h?.s time. At least 
his contemporaries in Philadelphia dissuaded him in his major 
revisions and so the Philadelphia academy maintained the classics. 

Academies grew in numbers and in the number of courses presented 
Apparently they fulfilled a real nsed. For those of us interested 
in the sciences it is of importance to note that chemistry and natural 
philosophy were included in the curriculum of some academies. Some 
scholars would object to the statemnnt of an association between the 
time and the place and the establishnent of the curriculum of the 
academy. However, it must be remembered that the nation was young 
and there apparently was i strong belief in establishment of experi- 
mental curricula if the studies rfould offer a young man ^ por- 
tunity to develop in th ^ new experiment in self-governmen 

Academies grew slowly in numbers at first but in the p^^^iod 
from 1825-1850 they reached the heif;ht of their popularity. Many 
things helped to foster the growth of the academies including their 
acceptance by New York State and the inclusion of girls in the ^ 
academies. Again, by coniecture, perhaps all of these developments 
reflect the young nation's attempt to live up to its Bill of Rights 
and Constitution. , However, probably the best assessment is that the 
a'^ademy v/as a transition stage between the old world Latin grammar 
i.<:hool and the yet to come American high school. 
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The American High School 



The Amer-^.can high scliool did not supplant or replace the academy 
as an initial development. The American high school as a system 
appeared early in the historical development of t^ e academy — in fact, 
at the time when the academy was showing its period of greatest growth. 
This, again, points to the transitional nature of the academv. The 
proponercs of the high school did not wane to develop an institution 
which would replace the academy. On the contrary, they would appear 
to have attempted uo improve and at the same time imitate the pro- 
grams of the academies. The high school's originators hoped to 
prepare a program' for young men who would not go on to college and 
who would enter all phases of commercial life. Important piovisions 
were envisioned: 1. education at public expense anr. 2. a continua- 
tion of common school education. 

The first high school was the English Classical School in Boston; 
the year, 1821. The '^classical" was soon removed from the title and 
a new name, English High School, was accepted. Only a short time 
elapsed before ''high school" as a title was acce^.ted. Boston's experi- 
ment was a success and Massachusetts provided enabling legislation 
within the decade to develop additional high schools. The high school 
movement followed or accompanied democracy loving people to the West 
and became their pattern of post-elementary education. It can be 
stated that the high school provided what Americans thought they stood 
for— education for all children at public expense with a curriculum 
attuned to the needs and interests of the aiasses. Here again we note 
education as a function of time and place. As in subsequent educa- 
tional developments the use of public support was questioned. The 
famous Kalamazoo Case in KalamaEoo, Michigan, tested the legality' 
of assess... taxes for the suppoit of education beyond the coiamon 
school (elementary level). In that very famous decision the courts 
ruled that a liberal education should be provided to youth of the 
state in schools which .v;er,e within the reach of all of the classes. 

After 1874 the high school movement grew by leaps and bounds. 
In only 20 years Q87Q-1890) the number of high scuools increased 
by five times in number. In 1890 slightly more than 2,500 high 
schools existed with around a quarter of a million students. If 
we consider similar data Irori) 1900-1940 high school enrollment in- 
creased by 1200 percent. 

This fantastic growt.li in high school population and numbers 
of facilities reflects America's growth in populat-ion, but not this 
alone. There was a steady increase in thi^ standard of living of 
Americans. There were great numbers of cbXlJjs^ of immigrants who 
had to be brought into the pattern of the developing democracy. 
On the frontier attendance at the public school and c mpietion of 
its requirements were uj^ed as a means? to social mobility. This 
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was not, howevei , the complete story. In later years, particularly 
after thQ,^eat Depression of 1929, there was little else youth 
could do fff^pt to remain in school. Some interesting, and sometimes 
rather short, science courses, appeared in the early high schools: 
astronomy, geology, natural philosophy, agriculture, chemistry, 
natural history. ^ 

We see early beginnings of later high school science offerings 
if the content of natural philosophy and natural history is examined. 
Natural philosophy coiftained materials f.rom astronomy, the earth 
sciences, and physics. Natural history on the other hand included 
about equal portions of botany and zoology with no attempt at inte-- 
gration. Emphasis in natural history was on learning facts and on 
the physiology and morpholcgy of plants and animals. 

College Domination 

There is another interesting period in the history of science 
education in the U. S. which is superimposed in time over that of 
the high school nioveinent . For convenience this may be referred to 
as the period oTt college domination which was at its height in the 
last quarter of the nineteenth century. A similar effect was felt 
in Aiiiericau high school science eaucation in the post Sputnik, 1957, 
era—an era of hyyteria, ai^iost, in which the public called on the 
professional scientist to assist. To return to the first period, 
the last part of the nineteenth century. Harvard University led the 
way and by so doing helped to standardize high school science courses. 
In 1872 Harvard began accepting science courses froyi a student's 
high school background as entrance credits. By so doing, harvard 
could (I'.ctaLe what were acceptable not only as high school science 
courses but also what the content might be in the courses. One 
standardizing document of interest was the Harvard Descriptive 'List 
(1887) which repci'ted the 46 acceptable experiments in high school 
physics which could be used for college entrance, 

During this period from 1870 to 1900 high school science courses 
became miniature college science courses. College professors pre- 
pared the courses of study used in high school sciences and they 
wrote the textbooks. The science courses had little or no practical 
value but instead served to pro:>are the student for more of the same 
in college. This same influence, of college personnel cn high school 
science courses was again in evidence in 1970 and had been so for 
some fifteen years prior to 1970. 

To return to the earlier period of college domination: One 
must remember that the high schools post-Civil War and into the 
early. years of the .twentieth century varied greatly in program and 
quality. This same criticism could be leveled at the colleges. 
Therefore, an attempt at standardizati^on was in order. In addition 
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to Harvard, the University of Michigan developed a system to encourage 
a similarity of high school prepnralion. Michigan appointed a visit- 
ing committee of staff members who, upon invitation from a high school, 
would visit that school and study the q^uality of the work done there. 
If the committee was pleased with what it saw, students from that 
particular high school would be admitted to the University ot Michigan 
upon receipt of a letter of recommendation from the high school's 
principal. 

Accrediting agencies were formed in various regions — the New 
England Association of Colleges and Preparatory Schools and the 
North Central Association being examples. All of uhese attempts at 
standardizatioi of offerings and of quality, with their dictation 
from above, were simply forerunners of the ^^olle^e Entrance Examina- 
tion Board, the most widely accepted college entrance examining body 
in the nation. 

Ont lust include in this segment of the history of science 
education in the U. S. mention of the Committee of Ten on Secondary 
School Studies of the National Education Association (NEA) , which 
through its reports in the last decade of the nineteenth century 
developed into one of the most formidable of the standardizing 
agents (28). The earliest objectives of the Committee of Ten were 
quite democratic. It hoped to standardize high school offerings so 
that all secondary school graduates who had completed their school 
work successfully would be able to enter colleges of theii choice. 
This was the wrong time for such idec*lism. It soon became apparent 
that subjects taught in different secondary schools could not be 
taught in the same way and to the same extent to every pupil . 

Another ;tanda iizing agent vas the '"on>miLcee on Collef.t Entrance 
Requirements, agr-' an appointee of NEA "^^^ir coirmittee made 

many recommendatio. , tv;o of which are of importance here. 

First, the commictei recognized the elective principle as worthy of 
at least partial rc<5o>:nition in tne hign school curriculum. So it 
proposed that elective subjects in high school should be recognized. 
This helped to decr'jase the commanding influence of upper echelon 
agencies such as the colleges and especially appointed examining 
boards. There v;as also in the committee *s recommenaaticns a be^Jn- 
ning of the concept of equivalence of studies. The committee recom- 
mended that any course within che high school should be considered 
worthy to count as a credit toward admission to college. Mere we 
see the beginning of a syst^n of units or credits for high school 
science courses and anotiier ya^'dsticK for standardization. 

For example, prior to the reports high schools offered a 
variety of short term science courses including a^>tronomy, botany, 
chemistry, geology, physics, physiology, and zoology. This practice 
was replaced with full year courses and the wide range coverage was 
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greatly reduced. So we observe from an examination of these early 
post-1900 hlgli schools the following conunon four-year sequence: 
year 1, physical geograpliy; year 2, biology; year 3, physics; year 
4, chemistry. As a result of the sequence, other developments 
followed: the encouragement of quantitative laboratory work, the 
development of laboratory-type teaching, the encouragement af the 
use of materials readily obtainable resulting in a lower budget for 
equipment, the realization that collegiate training for teachers 
was an essential prerequisite to successful high school science 
teaching. The use of field trips: was encouraged as was the develop- 
ment and maintenance of a good high school library. .ble labora- 
tory periods were supported and it was recommended that descriptions 
of experiments completed in the laboratory be recorded in notebooks. 

In spite of tLese advances, al] was not gain. In response to 
the "call for notebook records" there developed a near stereotyped 
method of reporting including almost always: 

1. The title of the "experiment." 

2. Purpose of the "experiment." 

3. Procedures. 

4. Results. 

5. Conclusions. 

There was a strong tendency to develop one mode of instru^-tion in 
an attempt to meet the specif ication$ of the examinat^' ns and the 
syllabi. Textbooks were prepared frouKsyllabi or curriculi ^ guides 
and curriculum guides were prepared as a result of the study of 
existing textbooks. Tn addition there was an inordinate emphasis 
on the assimilation of subject matter of j^^ience as the end result 
of instruction with little emphasis on how that subje:t matter of 
science had been accuired. In later decades (1950s and 1960s) we 
heard lliis same crlLjLism of high school science teaching as the 
hue and cry of th'^ critics of American high school science educa- 
tion: our high au'^ool science teaching emphasizes the knowledge 
of the products Oi science at the expense of the undrrjitanding of 
the processes of science. 



SCIliXCfi [<JiQUIIllMri\TS 
FOR HLLND^Vr.MM' GRVDCS 

To this point we have not descr:*Sed science requirements for 
elementary grades. It would seem appropriate to do so now since 
the recommendation of the two pnimittces (Committee of Ten and 

the Committee on College entrance Requirements) also suggested 
standards in this ievei of public school education-. Nature study 
was suggested as the science component of the elementary graHes. 
In contrast to the committees' reccMiimendation that four periods be 
utilized for the high school sciences only two periods were recom- 
mended for nature study. 
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The nature study movercenc had an important* influence on science 
teaching in our public schools and so some of its salient feat res 
are reviewed here. Again we recognize a reflect." on of occurrence of 
change resulting from time and place. The time is the early 1900s 
(1900-1930). There had been and was continuing a great migrat ^n 
of persons from foreign lands to the U.S.A. Agriculture was in its 
prime but at the same time there was a beginning trend toward urbani- 
zation. People were moving to the cities and were attract^,»d there 
by the industrial development in the nation spurred at least in part *^ 
by World VJar I. In the country there was still support for aesthetic 
values and moral commitments. Nature study fostered these two goals 
but at the same time was a response to the trend toward urbanization 
also. The movement gained its theoretical base from leadership in 
colleges of agriculture — in particular Cornell University—and was^ 
an attempt to check tb^ population flow to the cities. ■ 

There was an emphasis on gardening and on "a feeling" (in the 
affective domain we would, relate in the 1970s) for plants and animals. 
Those who supported natur^^ study saw it not as a science per se but 
as an attitude of mind. Interestingly enough, however, che same 
nature study movement profebsed to support the following: 

X. That children should study things in their natural setting 
in a scientific way. 

2. That the things studied should be related to the children 
themselves . 

3. That the children should not only learn to observe but 
should learn to interpret what they observe. ^ 

4. That the contenc imparted to the children should coincide 
wiuh the seasonal changes (be seasonally arran^^ed) in 
effect at any particular time. 

5. That nature study be the basis for the study of reading, 
writing, and other forms of expression. 

6. That nature study should bo a continuous program from 

the earliest grades through the college. p 

There is a prophetic quote attributed to one of the early 
nature study proponents Liberty Ilyde Bailey. This quote has pro- 
found relevance in an era which raust remain with us many years 
past its initiation in the 1970s — the era of ecology, if you will. 
Bailey is purported to liave said. 

Nature study, as a process, is seeing the things one looks 
at, and drawing the proper conclusions from what one sees. 
Its purpose is to educate the child in terms of his en- . 
vironment, to the end that his life may be richer and 
fuller.... It trains the eye and the mind to see and to 
comprehend the common things of life; and the result is 
not directly the acquiring of science but the cstablish- 
, ment of a Jiving sympathy with everything that Is (2). 
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with some changes in expression and grammar, one might easily 
interpret the foregoing statement as an expressioi in broad terms 
of the objectives, in part at least, of today's high school science 
subjects. The nature study movement did contribute to science 
education in the U. S. but did not survive in name at least in our 
public school systems. Ir was replaced in the 1930s by elementary 
school science. 

IMPACT OF JUNIOR HIGI SQIOOL 

We should here examine the impact of the American junior high 
school, an educational establishment unique to the U.S.A. The 
development of the junior high school v/as abetted by the reports 
of the Committee of Ten and the Committee on College Entrance 
Requirements. A movement developed to divide the high school into 
two units, a junior and senior division. It must be conceded that 
this movement originated in part at least as a result to prepare 
students for college entrance. So we find strong support for 
"mo^ving down" preparation in algebra, science, and foreign lang-iage 
to a lower level — the new junior high school. In fact, reports 
urged that the 7th and 8th grades be made a part of the administra- 
tive unit of the high school — 9, 10, 11, 12. A strong plea for 
the junior high school was made earlier by the then president of 
Harvard, Charles W. Eliot, to the National Education Association 
in 1888. Eliot argued that Americans ^ere entering college at an 
age much later than their European counterparts. He therefore 
concluded that American secondary school education should begin 
two years earlier than had been customary. The response on the 
part of secondary schools was to departmentalize the upper two 
grades of their elementary schools. As a result, teachers became 
departmentalized also and we see here the beginning of teachers 
of subjects such as English, mathematics, or "ience across high 
school gra ' > levels. 

In 1912 the Committee on Economy of Time in Education of the 
National Education Association supported the formation of a six- 
year high school. It suggested that the school be divided into 
a three-year junior division and a three-year senior division; thus 
the beginnings of the junior high school and the senior high school 
By 19'^0 educators found and reported psychological reasons for a 
three-year (junior high school) intermediate school. It was argued 
that students of the ages of junior high school were undergoing 
profound physical and psycliological changes. Therefore, they 
required — yes demanded--a different style of presentation of sub- 
ject matter. Also, if a junior high school unit were availabJe 
it niight discourage students from leaving school, as they were 
prone to do at the end of the Jth grade. Probably of greatest 
impact on the development and establishment of the junior high 




was Ihe phenomenal increase in number of youngsters of that age 
level. New'buildings had to be' constructed and so why not make 
them^unior/ high schools. All of these developments led to the 
establishment of a "science" for junior high schools. It was 
assumed" that one science , ^general science, was the answer and 
proponents of this subject reported that it contributed most pro- 
foundly to the cardinal principles of education, A science sequ'^nce 
was given impetus. Also there arose, interestingly enough, a new 
emphasis on the practicality of science. 

DEVELOPMnNT OF SECONDARY SCIENCE EDUCATION 

To summarize evants in the period 1880-1920, this period saw 
a continuation of an eraphasls on practical utilitarian science in 
the secondary schools. Science courses were in the early years 
of the period offered as short, separate courses with offerings in 
chemistry and physics dominating. A new emphas^: on demonstrations 
and laboratory methods developed . Field work and the utilization / 
of a variety of reference books became popular. In biology there* 
was an emphasis on collecting, identifying, and describing plants. 
'Developments in science education were pro"bably related to the 
emergence of strong emphasis at the national level on agriculture, 
industry, and commerce. The high school began to show a marked 
increase in numbars and size of student population Faculty psy- 
chology dominated the scene. A movement supporting learning for 
learning's sake and for the discipline of the mind was in evidence. 
In r lation to faculty psychology, science was considered particu- 
larly useful to discipline the mind. Science could be used, it 
was argued, to train students in developing systematic habits of 
work, a power of reasoning, and both precision and neatness. The 
laboratory enjoyed a popular support and perhaps even an intro- 
duction as a part of many new secondary school science programs. 
To further the course of ''discipline of che mind'* it was argued 
that in science one accomplished this because of science's formal 
and systematized subject matter as well as a result of involvamen*. 
in laboratory work. Later science education research efforts have 
been unable to substantiate these claims. National committers 
emphasized a trend of preparing stuaents for college and college 
science courses and proposed a sequence of "standardized" courses 
for the four-year science program — physical geography, biology, 
physics, and chemistry. 

Some writers feel that the developments in science education 
in the first two decades of the twentieth century should not be 
included as a part of the period cf college domination. It is 
proposed here that they may be a result of or response to the 
earlier developments. So let 'is designate the period 1900-1920 
as a period of expansion and <idjUotment. To preview aiid encapsulate 
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developments in science education we mention influential developments 
in this period of two decades: General science was introduced and 
gradually replaced physical geography as the first year, or 9th grade, 
course. General science was designed to serve a dual purpose both 
as a terminal subject for noncollege students and as an exploratory 
course for those students who would later elect more specialized sub- 
jects, e.g. biology, chemistry, physics. It is interesting to note 
that general science courses attempted both to represent a fusion 
of segmented courses and at the same time proposed preserve the 
practical features of existing science offerings. T. ere apparently 
was a very close correlation between the burgeoning high school 
populations and the introduction of general science which purported 
to serve 'this group. The NEA*s Cardinal TPrinciples of Sp.oondary 
Education (1918), further supported the functional approaches to 
education at the high school level (27). 

Committees labored to restate goals of education in a democracy. 
The report of the cardinal principles helped stimulate developments 
of a "general science" since science was supposed to reinforce the 
tenets of the cardinal principles. In this period we see a strong 
emphasis on facts and principles in the science curriculum. 

From 1920-1940 there was a shift in the emphasis in the aims 
of science education in such of the units v/hich were precollege. 
A new and different objective surfaces,, that of "social utility." 
One of the prime influences in this movement was Gerald Craig's 
study in elementary school science (9). It was suggested that the 
impact of science on daily life was the prime purpose of science 
instruction. No one could deny that science and its handmaiden, 
technology, were^ affecting the daily lives of each and every American. 
Therefore, it was argued that science instruction in the schools 
should mirror this impact of science and technology. 

Influential Science Publications 

We now reach the decade of the 30s and the publication of a 
book which had a profound effect on science education in the U. S., 
the Thirty-First Yearbook of the National Society for the Study of 
Education (NSSE) , A Program for Teaching Scimce (29). This year- 
book supported the so-called elementary school science approach and 
took a strong stand against nature study stating that it was too 
anthropomorphic and was too strongly influenced by sentimentality 
as V7ell as unsystematic. Ihese latter criticisms were in accord 
With tenets proposed by Gerald S. Craig in hi? defense of a study 
"science and its impact on daily life." The 31st Yearbook 
stressed understanding of the generalizations of science as a goal 
rather than the accumulation of facts. Many prominent science 
educators of the day (1930s) contributed to the yearbook and so it 
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can be assumed that it should have received widespread support." It 
did and, in fact, the generalizations in the document stood as the 
dominant guidepost in science education for at least two decades, 
to 1950. 

The recommendations of the NSSE Thirty-First Yearbook were 
followed by and supported by the pronouncements of the Progressive 
Education Association (PKA) in 1938 and its report on the functions 
oJ science in general education (32). Thi6 report, entitled Sciejice 
in General Educaiiony emphasized the importance of developing sci- 
ence programs with "social utility" as a primary goal. At this 
point it seems important to st,ress that the PEA^s report also 
emphasized that science was important as a discipline because its 
techniques could be used in solving social problems. Secondary 
school science teaching as a reflection of the recommendations of 
this report became more social science oriented. We find here the 
early emphasis on an understanding of the "steps in the scientific 
method" and also of "problem solving" as objectives. 

Some professional scientists later were convinced that this 
period of emphasis on social implications of science ushered in a 
period of the "dark ages" of science teaching at the secondary 
school level. It is a period in \vhich the secondary school science 
teacher attempted to develop his programs alone and there was a 
trend away from college domination of high school science teaching. 
Secondary school science teachers -v/rote their own textbooks, developed 
their own curricula, and became increasingly divorced from their 
college level counterparts in college science departments. 

Secondary school science textbooks of the period (1930-1950) 
reflected the emphasis on "the scientific method." Almost all high 
school science texts of the time were introduced with a chapter or 
section which asked and attempted to answer the questions: "What 
is science?" and "\^at is the scientific method?" To answer the 
latter question students were taught to memorize the steps in the 
so-called scientific method: 



1. Definition of the problem. 

2. Collection of data. 

3» Formulation of a hypothesis or hypotheses. Usually, how- 
ever, it was proposed that the practicing scientists 
deal with but one of these hypotheses at a given time. 

A* Test the hypothesis. 

5. Formulation of "a," "one" conclusion. 

6. Application of the conclusion to new situations. 



With this support of knowing the steps of the scientific method 
came a concerted effort (sponsored in large part by the backers 
of PEA) to relate secondary school science teaching to the broad 
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areas of living. These were described as: 

1. Per^nal living. 

2. Imm^&i^ personal-social relationships. 

3. Social-civic relationships. 

4. Economic relationships. 

5. The disposition and ability to use reflective thinking in 
the solution of problems. 

Interwoven with all of these developments related to science 
and social utility there arose two distinct trends. Science, it 
was proposed, should be a g^ontinuum. So we find science in grades 
7, 8, and 9 developing response to this and to the junior high 
school movement. The junior high school was supposed to be an 
exploratory segment in young learners' experiences and general 
science developed in this manner by putting together small packages 
or segments from the classical science disciplines. Biology arose 
as a secondary school subject earlier, about 1920. 3y 1930-1940 
it was recognized as "the" subject offered in 9th grade in a 7, 8, 
9 grade school system and in 10th grade in the 9, 10, 11, 12 system. 

One of the publications which helped to describe the status 
of science education in the U. S. during the period 1930-1950 'as 
Science Education in Amevican Schools (1947), the 46th Yearbook of 
NSSE (30). Several trends and recommendations were made by the 
various committees which produced the yearbook. A few of cheir 
more significant points are summarized here: 

1. Science is an important and inescapable factor in society. 
Therefore all citizens should understand science. This is 
particularly true of the representatives of the people who 
act on legislation. 

2. Scie.-vie instruction should begin early in the student's 
career . 

3. Science is most important as an integral part of general 
education. 

4. Science teaching goals should include skill in problem 
solving and an inculcation of scientific attitudes. 

5. Science at the secondary school level should impart 
functional information, concepts, principles, instrumental 
skills (psychomotor), scientific attitudes and appreciations 
and interests. 

6. The social implications of science are of importance. 

7. Science content should be selected in terms of problems 
of social ^ signif ica.ice, e.g. health , consumer ship, con- 
servation, vocations, family relations, and citizenship. 

8. The subject matter of science should relate to real 
problems of real students in real situations encountered 
in daily living and should be related to the needs of the 
students. 
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9. Science content should appeal to student interest since 
such appeal may influence behavior • 

10. Planning science course work with the students instead of 
for the students should be encouraged • 

11. Attempts should be made to develop science courses which 
reflect an integration of the various sciences rather than 
a logical sequence within one science. 

12. Courses should be organized to provide for wide applica- 
tion to economic and social problems* 

13. A 12~year science sequence was recommended with elementary 
science, grades 1-6; general science, grades 7-9; biology, 
grade 10; physics or chemistry, grade 11; and physics or 
chemistry, grade 12. 

14. Inductive and deductive teaching methods of teaching are 
both encouraged and units of work should be planned 
around an integrating theme, it was urged. 

So by 1950 we had in two decades survived a great depression 
and a horrible great world war. Science education in the U. S. in 
1950 then reflected the time and the place. Consumer education was 
an earlier answer in the thirties and general education and training 
for the technician arose in response to World War II. There was 
an inflated demand for special training in technical fields. Such 
things as air age education reflected the nature of the times as 
did atomic age education at a later date. We begin tc see a divis^'on 
between the scientists and their spokesmen and the educators and 
their spokesmen which became even more obvious in the 1950s. The 
scientists argued for: 

1. Greater attention to the social implications of science. 

2. Greater emphasis on training for those with special talent 
in science and the future- scientist. 

3. An increasing emphasis on the nature of science. 

On the other hand, the educators defended: 

1. An emphasis on student needs in designing science cur- 
riculum and course objectives • 

2. The teaching of the methods and techniques of the scientist 
as useful procedures for solving problems in the daily life 
of the student. 

3. The development of scientific attitudes as a major goal 
of science teaching. 

During this period 1930-1950 there was an increasing emphasis 
on the products of science (technology) in science textbooks for 
secondary schools. Science teachers wrote their own curricula 
and wrote their own texts. There was no attempt to make little 
scientists out of little students. As was reported earlier some 
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refer to this period as the "dark ages of science education in ^the 
U. S.." Nevetheless, others refer to it as that time when the 
-science teacher was in control of his own destiny and developed 
fcience courses to fit the needs of his students as they evolved. 

The Sputnik Era 

From 19^0 to 1970 has been called many things by those who 
tried to interpret changes on the American scene. This was the 
"perio'd of plenty" for the professional scientist and his effect 
on secondary school science curriculum was profound. The people 
of the United States and their spokesmen in the Congress made funds 
available in great amounts for the improvement of science education. 
Americans have been notorious over the years in their outspoken 
criticism of the public schools of their country in spite of the 
schools' fantastic contributions to our society. Ac no time in our 
history were the cxritics mor§, active than during the SOs-and 60s. 
A portion of this criticism was well-deserved. Some criticism 
reflected a real and honest concern. Some merely was used as means 
of exploiting the bias of the critic. The year 1957 brought to the 
world the realization that Russian science and technology was well ^ 
advanced and sputnik became a household word. Even though many 
efforts had been in progress at the national level to bring abotit 
change in araerican science education, sputnik probably provided the 
foremost impetus. This period of 1950--1970 may be re^garded as the 
"Period of the Professional Scientist as the Architect of Science 
Curriculum in the Secondary School." 

One of the results of this revolution in secondary school 
science was a reorientation of almost every phase of science educa- 
tion. By 1970 we saw the following trends in evidence: 

V 

1. Science courses were written at even higher leve.ls of 
meaning . - 

2. Courses were structured around conceptual schemes or 
themes or "big ideas." 

3. A small number of big ideas formed the framework of the 
courses. 

4. Science became a specialty of supervisors and so larger 
school systems employed science supervisors. 

5. The logical structure of the discipline became a framework 
of sequencing learning activities. 

6. The laboratory became an integral part of instruction 
with its objectives somewhat changed in erfiphasis to include 
the raising of problems, the testing of the skills of 
inquiry, and the provision of experiences for "discovery." 

7. The subject matter of high school science was prepared 

by research or professional scientists. It was emphasized 
that the student should be introduced to the "frontiers of 
science." 
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8. There was an emphasis on problem solving^ guided discovery, 
and discovery" as methods. 

9. There was an emphasis on science as process rather than 
science as product* 

10. There was a negative reaction to the social utility approach 
to teaching science . 

. Public interest and public support of science education was 
widespread. The Congress passed the National Defense Education 
Act (NDEA) in 1958. Funds provided in this act made it possible 
for elementary and secondary schools to purchase additional equip- 
ment and reference books for science as well as for mathematics and 
foreign languages. Some skeptics believe that NDEA .could never have 
been passed v7ithout the D (Defense) and that the act reflected the 
time and the place. That is to say historically we were in the 
cold war period when v/e were not just quite convinced of the superi- 
ority of the education system in our country. Several references 
were made at the time to the superiority of European, in particular 
"^j^ussian, education. There came into being a National Science 
Foundation (NSF) which was a private agency supported by public 
funds. Those funds were used in many ways and attempt's were made 
to upgrade science education. Summer and year-long science insti- 
tutes for science and mathematics teachers were supported. by NSF. 
These programs designed to upgrade the science preparation of 
secondary school teachers were conducted by colleges and universities 
throughout the country. 

Probably the major result of the ferment in science education 
from 1950-1970 was the development of a new assortment of science 
curricula in almost all areas and levels of elementary and secondary 
science* 

Inq^etus for Change 

Since 1945 and particularly after 1955 secondary school sci- 
ence courses have undergo^ne many changes. Many factors gave impetus 
to these changes. Some of the more important and well known factors 
are enumerated here. Science became an enterprise of increasing 
importance and knowledge in the broad field of science and its many 
subdivisions increased at an ever accelerating pace. There was, in 
particular, after 1957 an increasing concern that Russia was a real 
threat in both scientific fields and in technology. After the 
launching of sputnik, crit/cs and public criticism of American 
science education in the maos media became commonplace. Many were 
concerned v/ith the development of nuclear energy as it was applied 
for destruction in V7ar. So American science teachers were encouraged 
to add another element to their already crowded curricula, namely 
atomic age education. Also there was a great increase in the secondary 
school population which was a reflection of the birth rate after World 
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War II, Educational technology, e,g, television, became an important 
learning aid. We gained new insights into how people learned science. 
Perhaps most important were the huge sums of money provided by private 
foundations and the federal government which \^ere used to change sci- 
ence curricula andL influence science teacher education programs. The 
professional scientist became a secondary school science curriculum 
specialist. 

Many secondary school science curricula developed as a result 
of all of these influences. They became known as the alphabet pro- 
grams because their longer titles were frequently abbreviated by 
combining several of the beginning letters of the prominent words in 
their titles. As examples of the acronyms: 



TSM Time, Space,, and Matter 

ESCP Earth Science Curriculum Project 

IPS Introductory Physical Science 

BSCS Biological Sciences Curriculum Study 

CHEM Study Chemical Education Materials Study 

CBA Chemical Bond Approach (Chemistry) 

PSSC Physical Science Study Committee 

HPP Harvard Project Physics, later Project Physics 

ECCP ^ Engineering Concepts Curriculum Project 



Although these are different programs, their authors followed 
a sequence of activities like those given below: 

1, Funding was obtained from an outside agency, which very 
frequently was NSF, 

2, University and/or college scientists were the prime movers 
of the projects, 

3* Secondary school science teachers were enlisted as 
coworkers, 

4, Writing conferences were scheduled and curricular materials 
were produced by teams of college-level scientists and 
high school science teachers- 

5, Curriculum trials were scheduled in cooperating secondary 
school science classrooms. Feedback from one or repeated 
trials was used in making revisions of^tl^ new materials, 

6, Secondary school science teacher summer and/or academic 
year institutes were prepared by colfeges and universities 
to prepare high school science teachers to teach the new 
programs, 

7, Supplementary materials including such things as apparatus, 
films, laboratory guides, models, and teacher's guides 
were prepared. 
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Even though in diffarent subdisciplines of science the /'new 
science courses" exhibit similarities in both their objectives and 
in the types of materials made available to secondary school science 
teachers. The following arc examples of these similarities: 

1. They claim to be prepared not for an academic elite school 
population but for students in comprehensive high schools. 

2. It is difficult to'-locate examples of the application of 
science technology in most of the new courses. 

3. As a generality we find much less attention given to the 
products of science and more to the processes of science. 

A. All of the curricula claim to employ a discovery approach 
in which the -student seryas as the discoverer. 

5. Sub^^ict matter is presented at a much higher level of 
rigor which some have claiip^ is an example of moving 
down content to the secondary'^^hool from its former 
place in college-level science/curricula. 

6. A different trust in emphasis on the quantitative aspects 
of science is common. 

7. Students learn to gather data,^ record information, and 
analyze data individually- or as a team. 

8. Formal methods of reporting experimental data are used. 

9. A majority.-of" the curricula developers claim that more 
cont,empiorary topics "on the frontiers of science" are 

, included . 

10. All present science and scientists in a manner which 
attempts to influence favorable attitudes toward both. 

The development and use of the funded programs reflect time 
and place. So much of man^s daily activities post-1950 were and 
are affected by science and technology. It is frequently argued 
that if we do not develop a citizenry which understands the sci- 
entific process we will find ourselves in a culture in which 
science is tolerated because of fear rather than respected because 
of understanding. 

** 

THE YEARS AHEAD 

Are there things which we can point to in this our nation's 
bicentennial time which might foretell trends in science education 
during the years just ahead? It would appear that the S. 
citizenry, after a traumatic experience in an unpopular war and a 
difficult period leading up to and following the resignation of a 
president, has now developed a distrust for science and technology. 
As result of this, at this time and in this place, different types 
of science education programs should evolve. To predict changes 
there are quoted here a few paragraphs from an article I prepared 
for Indiana State University's Contemporary Eduoationi 
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It is dangerous to try to predict changes in a field 
as diverse as Science Education. Therefore, it is done 
here with some hesitation. One change is fairly certain. 
There will be-" an increase in the use of individualized 
instruction* Audiotutorial modes of instruction will be 
more widely used. The student will be more frequently on 
his own, equipped with a learning package including audio 
tapes and equipment to complete an exercise or investi- 
gation. This may mean an increase iiV professionally- 
prepared or teacher-constructed kits. Films, film-loops, 
slides, ond videotapes will become more common aids to 
learning in the individualized classroom. Salf-pacing of 
learning activities will be more common. 

The recent surge of incerest in Environment Studies 
programs may reflect an alteration of goals. The 1960's 
appeared to reflect an over-emphasis on science as 
science. The recent Environmental, Studies programs 
developed from an inter-disciplinary approach to real 
problems. The natural sciences are joined with the social 
sciences in attempts to solve environmental problems. 

The Population Problem as a theme for study is another 
example of the cros'5-disciplines approach to Science Edu- 
cation. Earlier in time, so-called fused science curricula 
developed across science disciplines. As greater emphasis 
is placed on K~12 planning it is likely that some of the 
artificial boundaries established in and within science 
disciplines will/vanish when local schools reassume their 
^leadership role in curriculum construction^ This return 
to local leadership is inevitable because of the ever- 
decreasing support for Science Education from tho. national 
level. The professional scientist may no longer be the 
leader of science curriculum projects. 

There will be a trend toward human-centered science. 
Some decades ago we stressed the social implications of 
science. If one were to^predict any one change for the 
70' s with certainty, it would be that science instruction 
will again emphasize the social implications of science. 
Young people have become disillusioned with accepting 
science for the sake of science. The majority of our 
youth has chosen not to be transformed into miniature 
scientists. Instead, they hope that science will become 
their servant instead of the r^iverse. They want to use 
their science to help to solve real problems in the 
social arena. Students want relevance and not intellec- 
tual gymnastics in their science courses. Therefore, we 
can expect to see a new problem-centered science 



curriculum whicii addresses itiielf not to the problems of 
science but to the problems of man in his society* This 
will probably bring a new emphasis on technology as a 
source of illustrations for science problems. 

Strong evidence for other changes is not available at 
this time* Nevertheless, the trends in Secondary School 
Science Teaching pose important implications for Science 
) Teacher Education* The new breed of science teacher must 
know more about the content of his field. He must know 
how the subject matter of his field relates to problems 
in society. Also, he must learn hov; to function as a 
member of a team with teachers from other disciplines in 
bringing his expertise to bear on the real problems of 
people and their earth. He must be an innovator who has, 
in his undergraduate teacher education program, been 
given an opportunity co develop curriculum packages using 
multi-media* Most important, perhaps, he miist^ have been 
given many opportunities in his teacher education program 
to pursue problems to their solutions using his o\m initi- 
ative* If the statement, we teach as we were taught, is 
true, then teacher education programs in the sciences 
must offer leadership to implement those changes (15)* 

So we observe over a period of about three and one-half 
centuries (1635-1976) many changes in secondary school science 
education in the United States* Many of these changes reflect a 
response of the £5ystem to the events of the time and the r>lace* 
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Looking to the past profits us to seek clues to the future. 
It has always seemed to me that some notion of where we have been 
is essential when we are planning the future. As I read the 
research and literature on science teaching today I am amazed at 
how much is written about problems and issues that have alr-eady 
been explored — sometimes fcr a century. It is disappointing that 
these problems and issues are discussed ahistorically and in the 
absence of new insights, hypotheses, or methodologies which might 
offer pron^ise for resolution. Furthermore, there is often a failure 
to recognize which problems and issues were time or context bound; 
in other words there is no reason for concern about these at this 
time. It is this latter condition that limits the value of looking 
to the past for insights into the future. With these cautions in 
mind I shall risk looking back with the hope it will stimulate 
perspectives for the future. 

This is .a critical time in science education. Since 1968 
changes in our society and in cultural conditions have had a far- 
reaching influence on our lives and our schools. These changes have 
been so rapid and of such magnitude that Kenneth Boulding has de- 
scribed this era as a "cultural mutation." Who among us sees the 
world of 1976 to be like that of 1968? 
-> 

Science as an enterprise has also undergone changes ♦ It. has 
become inextricably woven into the fabric of society and government. 
Research and development in science has moved from the "ivory tower" 
to the marketplace. Research^ problems in science now arise as much< 
from social and technological demands as from the evolving character 
of the discipline. The .< >cial and economic' problems ^of energy, 
population, natural enviionment, quality of life> human habitat, 
transportation, communication, health, world food supply, and others 
.are, .recognized as concerns for scientists* Distinctions between 
science and technology are ever harder to make. As we look back 
over the past 25 years we see" a great period of technology, but less 
so of science. Biological sciences are the exception. The early 
1950s saw the rise of molecular biology and reductionism. Twenty 




years later we find the emphasis is on human sciences, ecology, 
and holism. Witness the number of new books on human ecology, 
auman biology, soclobiology , bioethics, psychobiology , biogeography , 
and environmental biology. Only by looking to the past can we 
appreciate the magnitude of these changes within a single discipline. 
What should concern science educators is that these discipline changes 
also influence the whole educational context in which a science ought 
to be taught. What do these shifts in a discipline mean for teacher 
education in science? 



SCIENCE mCHER EDUCATION 



I tave often stated over the past' several decades that we do 
not truly have a science teacher education program in A^nerica. The 
college or university majcr for science teachers is not typically 
based on a content analysis of school science curriculum, or in 
other words, wlTat a teacher is expected to teach. The pattern of 
science courses for a teacher is oriented toward a career as a 
researcher in science. To be sure, most of these courses are, good 
science; the issue is that many of them are not needed for teaching 
school science and the time could be spent on courses a precollege 
teacher of science needs. 



What subjec:: matter should be included in the education of a 
science teacher for the 1980s? Certainly in the pattern of courses 
substantial time should 'be devoted to: 

1. The history and philosophy of science including case 
studies of critical events in science and their ultimate 
expression in technology. 

2. The sociology of science including an exploration of the 
relationships between science, technology, and public 
policy. 

3. Science and culture with a focus upon ^current ethical 
and moral questions which involve science and scientists. 

4. Something of the art, tactics, and strategies of scientific 
investigation as well as an understanding of decision- 
making processes. 

Without this background I see little possibility of a science 
teacher achieving such educational goals as "scientific literacy," 
"appreciation of science," "understanding the processes of science," 
"the social role of science," or the -"personal use of science." 

^. 

It seems to me quite evident, that the emerging goals of sci- 
ence teaching are oriented toward the worthy use of science based 
knowledge to improve the quality of human life and living. The 
social and personal use of science cannot escape moral, value, and 
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ethical issues. The "process" skills that go along with this approac 
to science teaching are so closely identified with decision making 
and cybernetics as with scientific inquiry and discovery. Courses 
involving science, technology, values, and society have drawn their 
substance from both the natural and social sciences. This suggests 
an integrative and unified approach to science teaching. For the 
most part beginning science teachers do not have this background and 
are therefore condemned to teaching only the nomenclature of a sci- 
ence. Although science has both a cognitive and social dimension 
most teachers are prepared to teach only the cognitive phase. 

As I look back at the professional training of science teachers^ 
I find no course on the psychology of learning with topics appro- 
priate to the kinds of learning expected in science courses, such as 
attaining concepts, achieving problem-solving skills, developing 
attitudes and values. This is not to imply that there is a special 
psychology of learning for science but rather there are topics ; 
particularly relevant to science teaching that should be isolated 
and taught with exemplars from science curricula. Charles Hubbart 
Judd, 1922, in his Psychology of High School Subjects introduced the 
ddea but* the appropriate textbook was never written (3). In fre- 
quent surveys of teacher education programs we find student teachers 
listing their course in educational psychology as largely irrelevant 
to the teaching of science — how could this be? 

Another lack in ^teacher education is adequate attention to the 
research on science teaching. The classroom teacher should ^be a 
prime consumer of educational research in some direct way; after all, 
the stated purpose of much of the research is either to imprpve 
instruction or to develop more effective curricula.- I think\it is 
fair to state that "-we have not .yet developed an affective means for 
moving ^the products of educational research to the intended con- 
sumer. In addition, the professional teacher should be able ^o 
participate in research on science teaching. I fear that over the 
past 15 years more time and money were spent attempting to malce 
science teachers amateur scientists than researchers in their own 
profession. \ 

\ 

I see the science teacher as an interpreter of the scientific 
enterprise and as an expert on learning, dedicated to enlightenting 
young people in ways that they can use their knowledge of science 
for rational decision making. I do not see the science teacher las 
a person whose responsibility it is to advance the conceptual or 
theoretical structure of n discipline — this is the work of th 
research scientists. The principal claim of science teachers to\ 
importance is their capability for teaching science. Their leader- 
ship should be measured by their contributions to curriculum and 
to instructional procedures. Their contributions to research \ 
should be those of advancing the teacher-learning process. 
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niE aiANGING SCIENCE CURIUCULA 



There appears to be a reluctance to foster changes- in science 
curricula; the result is they soon lag behind cultural demands* 
The subject matter is usually brought up to date from time to time 
but there are relatively few changes in the rationale for the 
selection of the subject matter or the design of the curriculum. 
Rationale, goals, and objectives are restated at intervals by 
committees appointed to do so. Reciting goalc and objectives has 
become largely a ritual rather than a serious consideration of 

1, Deeper educationa^l insights, 

2, Cultural shifts, 

3, Changes in school policies, 

4, New research into learning. 

5, Improved edJucational technology, 

6, MilestORes*^£n the conceptual structure of science and t^he 
evolving nature of the scientific enterprise. 

The science education community was brought --to task for some of 
these neglects in the 1950s when the federal government asked the 
National Science Foundation (NSF) to reoonceptualize and update 
precollege science curricula. Possibly the greatest accomplishment 
of NSF was to make change and innovation respectable in science 
teacliirig. 

We are now at a time where there is rieed for- a serious Re- 
direction of s^i_ence -teachings ^We^have had crisis periods before 
in s'cfence teaching, some of which are reflected in the following 
reports and events.: 1798 (the Dupont de Nemours report); 1860 
(vocational agriculture); 1895 (the NEA report); 1905 (influence 
of mass immigration;; 1913 (impact of industrialization); 1920 
(cardinal principles of education); 1935 (progressive education 
movement); i945 (Harvard and Truman reports); and 19*58 (the "cold 
war" and NSF). In each o£ these periods the crisis was stimulated 
by a swell of public ferment about 'what the teaching of school 
science shpjuld accomplish. The time for change was signaled by 
serious social and economic dislocations, new achievements in 
science and technology, or some combination of these factors, all 
serving in varying degrees to focus the need for a new look at 
the^ science curriculum. It seems to me that the signals for a 
science curriculum reform were never clearer than they are at this 
moment, 1976, Witness the "need" and "assessment" projects of NSF 
and its efforts to identify the emerging rationale for precollege 
science teaching. ' 

The turmoil of events and conditions in our society and in 
science>-and technology are of such magnitude and variety that we 
are undoubtedly undergoing the gijeatest transf ormatiqn in history. 
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The impact of these forces on human exi/=:tence exceed those caused 
by the introduction of fire, or agriculture, or industrialization, 
or technology at other periods in iman history • It is not possible 
here to describe the many shifts in our culture but a few examples 
are essential • Consider for example that now for the first time 
in history human beings control their own evolution and adaptive 
capacity. The reach of science and technology extends into nearly 
all human activities and may well be the critical factors influencing 
the survival ^of the. human specfes. Already the changing foci of 
interests in scientific research and technological innovation are 
apparent. Herein is the context for the problems and issues \vhich. 
the teaching of scier\ce must recognize for at least the rest of 
this centur>. Herein also lies the challenge for the need to con-, 
ceptualize and invent a new science curricurum; 

There is no doubt that a science curriculum designed to foster 
a favorable evolution of human beings, to enhance the quality of 
human existence, and to improve the adaptive capacity of human beings 
is ,a tremendous challenge. VJhat characteristics is this emerging 
science curriculum likely to have? juziough has happened to indicate 
a few perspectives and ^no»igh curriculum development has taken place 
to demonstrate their f eaeibility . Only a few issues and perspecti'^'es 
can be identified here because of limited time and space; documenta-^ 
tijn and elaborations will be reported elsewhere. 

• Scientific literacy (more qorrectly enlightenment) needs , 
to be redefined to reflect the current science/social scene 
and our expectations for the future. Present descriptions 

of scientific literacy are discipline bound md do not repre- 
sent the r,each of science and technology in modern society 
and in cultural evolution. 

• It is becoming increasingly clear that science teaching 
should be oriented toward the uses of science to resolve . 

, science based societal problems ard issues (such as environ- 
mental outrages, overpopulation, energy, health delivery 
^ systems, quality of living, and a hose of " other problems). 
(Note the program for the 1976 American AssociatiOi) for the 
Advancement of Science — AAAS— annual convention and those ^ 
for the past four years.) This means, among other things, 
less time devoted to teaching the skills in scientific in- 
quiry and greater attention to processes of information 
retrieval and to decision making. It also means the teach- 
ing of .science in a human and social context rather than for 
illustrating the theoretical and conceptual structure of 
scientific disciplines. Furthermore, it means an emphasis 
upon the unity of science and the teaching of science in 
an integrative mode. Consider, for example, the direction 
research and curriculum development in biology are taking 
in this regard* In the past few years we have seen the 
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rapid growth of such sciences as psychobiology, bio--^ 
physics, biochemistry, sociobiology , human ecology, 
biogeography , bioengineering, population and environ- 
mental biology, and bioethics, in addition to renewed 
interest in human evolution and human behavior, and 
holistic approaches to research and the interpretation 
of information in terms of integrative conditions. 
Emerging from this complex we see the development of 
a human science or a science of human systems. , 
The. educational limitations of the tradi^:ional labora- 
tory exercises, devoted almost exclusively to pre- 
programed experiments of limited applicability outside 
the laboratory, are becoming apparent. These experi- 
ments are too simplistic to simplify a curriculum with 
a science/societal orientation. The anticipatory, 
cybernetic, clinical, and participatory (in the cultural 
anthropologist's or sociologist's sense) investigations 
are all more closely related to the ''real life" activ- 
ities of people than those which are wholly laboratory f 
bound. ^ J 

Science has been taught throughout its history as a ' 
value-free enterprise. For generating knowledge there 
is support for the notion though many scientists doubt 
that science was ev6r as value-free as its interpreters 
have stated* Recently, however, society and circunj- 
stances have brought the scientific community into a 
position where it is pressured to consider moral , 
ethical, and value questions arising from its endeavors. 
For the nonscientists who make use of scientif ic^ inf or- 
matio'n science is never ^value-free. Science taught in 
a personal/social context deals with human problems and 
issues that a knowledge of science alone is insufficient 
to resolve. Ra'uional decision making uses facts but 
their interpretation is subject to bias, prejudice, and 
preference as well as earnest convictions, moral com- 
mitments, and ethical convictions. Furthermore, when 
scientific information is carried into social action 
its meaning is likely to be influenced by cultural con- 
text, historical perspective, and political circum- 
stances. A fact leaves the scientist's laboratory pre- 
cisely described and little more. , To convert this fact 
to public use or intelligent human action is another 
matter, almost wholly neglected in pre-1976 science 
curricula. 

In the 1950-1 960s science curriculum movement the study 
of technology was considered inappropriate although we 
live in an era most frequently described as the "age 
of technology." The interrelation of science and tech- 
nology was seldom identified and when this did happen 
the meaning of technology was misinterpreted as machines 
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and gadgets. Technolf^^y is an endeavor which has made 
it possible for peop f to capture nature and ;:he result- 
inp social consequences were not goals of the discipline- 
boui^4 science curricula. Neither was the use of tech- 
nology to extend the adaptive capacity of human beings 
considered worthy of study. The innovative science 
curricula of the 1970s, and rightfully so, are distin- 
guished by an interleaving of science, technology, and 
values. I 

These goals* and themes illustrate but do hot completely 
identify the eme'rgence of a new rationale and framework for the 
teaching of science — one that considers the cognitive and social 
structure of sci^pce. Unfortunately it is not possible here to 
fully develop thee>e ideas and to provide the data that brought 
thea into at leasU a partial focus. The sixth and earlier editions 
of the AAA§ volumes on Soienoe for Society provide a source of 
reference for further elaboration (1, 2, 4, 5, 6, 7). Lest I be 
accused of describing a curriculum platform that ..cannot be imple- 
mfented let me indicate that progress has been made and courses of 
study are becoming available; a representative list will be found 
at the end of this chapter (pages 116-117). 

It is obvious that these goals for science teaching wake new 
and far-reaching demands upon the education of science teachers. 
This just may be the most propitious time for the Association for 
the Education of Teachers of Science (AETS) to propose an^ define 
in detail a set of guideline^ for teacher education in science 
that is consistent with emerging perspectives for science teaching. 
Such an endeavor will demand considerable study to amplify and 
clarify the philosophical basis for the new perspectives and to 
justify their discontinuities with the past. Any statement of 
'rationale and goals should be followed by a rigid deduction of 
their consequences for curriculum, instruction, learning, evaluation 
and other teaching components. We need to be confident of what we 
plan to do and why we plan to do it this way. I am arguing for a 
disciplined approach to perspectives for science teaching in con- 
trast to casual reflections based upon current edticational slogans 
and fashions and unrefined extensions of traditional goals and 
conventional thought. We need a rationale and set of goals that 
can answer the critics of science teaching whoever they may be, 
lay or professional. 

IN-SERVICE EDUCATION 

Crucial to curriculum reform in science for the years to come 
will be the development and acceptance of effective in-service 
programs in schools. Several years ago (BSCS — 1972).T*reviewed 
a broad sample of the literature on the diffusion and implementation 
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of innovative science curricula as well as studies in other fields 
where the introduction of new practices is a problem — for example 
industry, medicine,., business, agriculture. It is apparent that 
bringing about any kind of planned change in American social insti- 
tutions is difficult whether it be schools, health delivery systems, 
environmental improvements, or whatever. Our knowledge of how 
purposive social and educational change takes place is sketchy and 
we are in need of extensive research on the topic. Finding effec- 
tive mechanisms and identifying the social conditions needed to 
bridge the gap between the educational researcher, the curriculum 
developer, and the ultimate user (the classroom teacher) are yet 
to be resolved. Perhaps the gap might not be so great if teachers 
were more closely involved in curriculum development and research. 

Over the past 15 years $530 million has been spent by NSF 
alone to "up-grade" (a horrible term) science and mathematics " 
teachers to effect curriculum reform. Institutes and a variety of 
.other programs were initiated for this purpose. I do not wish to 
argue the success of these programs but rathei to point out that 
such an effort at government expense is not lilcely to occur Igaln. 
This raiijes several issues: Is there not a moral responsibility 
in any profession for its members to keep current with new develop- 
ments? Is it not a responsibility of the professional science 
teacher to test new curricula and instructional materials and to 
asceiftain their value for improving the effectiveness of education? 
I an! disturbed by the all too many science teachers and union'repre- 
sentatives I meet who feel that they cannot be/ interested in self- 
development and educational progress unless "paid extra." Be this 
as it may it is clear that a well-conceived s^/stein of in-service , 
education, or perhaps a better term would be fcareer development," 
is needed to introduce .new^ curricula and* inst^tuctional materials 
into schools. j 

I feel now is an opportune time to initiate creative in- 
service programs. Some of the conditions t|iat make this a reason- 
able^ statement are: I 

1. There are a growing number of demands on schools to meet 
the educational challenges that face them, including new 
curricula. j 

2. With the surplus of qualified science ^achers adminis- 
trators can be pressured to select those who are pro- 
fessionally minded and socially aware. 

3. Educational innovations are more easily introduced during 
a crisis period, be it economic, social; professional, 
political, or academic in its origins. 
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The problem is to create in-service programs that are of suf- 
ficient intellectual quality to stimulate professional growth. The 
program should be rich in cultural foresightedness to enable the 
imaginative teacher not only to keep abreast of educational change 
but to be assured of meaningful educational progress*. The difficulty 
of this task is awesome, but dare we strive for lesser ends? Do we 
plan the future of our field or do we settle for the status quo and 
default to the inertia that has plagjied the educational enterprise 
for centuries? 



A NOTE IN CONCLUSION 

, People asked to recollect happenings in history tend to glorify 
the past ("things aten't^likei they used to be**) and to take a dim 
view of the future C'what's the world coming to"), I see the past 
as time and context bound wherein the unique conditions (educational, 
psychological, social, political, cultural, economic, scientific, 
technological) make one approach to science teaching more acceptable ' 
than" another • As the pattern of , conditions changes new curricula 
and new programs of teacher education become imperative • The time 
interval between these educational watersheds has in th^ past been 
approximately 50 years • Today human systems change s^o rapidly 
(sometimes by orders of magnitude) and divergently that the optimum, 
life of an "educational program is probably not much more than a 
decade. Our inability to respond incisively to educational dys- 
functions is in part the result of: 

1. A collective inertia and resistance to change within the 
educational enterprise • " 

2. A tendency to freeze an established curriculum by an over- 
commitment to conventional rationale, goals, and subject 
matter. For example, we re-think the rational'e, re-state 
the goals, re-assort and re-align the subject matter but 
tend not to create what is needed to meet the challenges 
of a new era in human history. 

3. An unawareness of the scale of change taking place in the 
world today. 

4. A lack of a clear notion of what a liberal education in 
the sciences means. For example the science curriculum 
reform of the 1960s sought to have young people understand 
the theoretical and conceptual structure of various sci- 
ence disciplines and to become skillful in their investi7 
gative procedures. Is this liberal education or vocational 
education? 

5. A poorly conceptualized theory of curriculum. Only in the 
past several years has curriculum theory begun to emerge 
as a field of scholarly study. 
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6, A lack of change mechanisms in schools, particularly reward 
systnns for teachers, by which creative ideas and innovative 
practices are sought and their validity tested* 

7. A failure to study the future before planning educational 
change. 

What should our reflections on past practices in science edu- 
cation accomplish? I hope we could achieve an aversion to the 
continuous recycling of educational policies and mechanisms which 
we know through research, practice, and philosophy to be inadequate 
for contemporary human needs, I feel the severest criticism of 
educational practice is that "the pendulum swings back and forth," 
The 1960s are not the 1970s and the 1970s will not be the 1980s or 
the 1990s — hopefully the science curriculum developer and the 
teacher educator will foresee, keep pace with, and lead in changes 
which represent progress toward a higher order of science teaching, 
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This paper calls attention to some major changes in precollege 
science course content and relate^d instructional practices during 
a 100-year period. The period. 1850 to 1950 was selected because 
several very fundamental changes did occur in that intervals Many 
of the changes may be overlooked due to the startling developments 
^ that have occurred since 1960. As we consider our Bicentennial 
we should be aware of the deep roots that have shaged and which 
continue to modify our science education programs. 

Our common schools began more than 200 years prior to 1850* 
Leaders among the founding imniigrants had a deep respect for educa- 
tion and lost no time in providing some formal schooling for their 
children. They carried ideas about what would be proper contents 
and methods with them from Europe. Preparation for church functions 
as well as ^for local, state, and national leadership caused these 
early leaders to include the writings of Latin and Greek scholars. 
Through such studies their children coul'd learn the proper form for 
their own writing while they became imbued by the philosophy and 
ethics emphasized in the classical and revered literature* 

The formal educatiopal opportunities for youth as this science 
education chronicle begins were: common schools, grammar schools, 
graded schools, upper schools, union schools, hip.h schools, academies, 
preparatory schools j and preparatory departments of colleges and 
universities., Acadeinies were giving way to public schools and some 
of them became free academies. Some youths were going from public 
hig^ schools directly into colleges* Although a favorable deter- 
mination of the legality of providing high school opportunities at 
taxpayer expense did not come until 1874, the issue had been settled 
well before that event. 

By 1857 the principle? of maintaining high schools at pub- 
lic expense had been thoroughly established in practice. 
Encouraged by ambitious teachers, older pupils studied 
subjects of a more advanced nature than those in the 
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common-school course. Parents were delighted to have 
their children study these advanced subjects hitherto 
taught only in academies. Step by step the schools added 
- 'subjects and then whole years to the program, and the high 
school had arrived — a growth, a process, an^ an evolving 
institution — not a separate creation.** The battle over^high 
schools never involved the- question of authorizing them; 
they already existed. The issue was over their maintenance 
and continuation. State after stat^evolved the legaj. theory 
that high schoqls were simply the higher subjects of the 
'common school, and the theory became law (63:11). 

The type of preparation that was expected from the high schools 
may be seen from the areas that were examined in the process of 
students being selected for college. In 1958 Harvard indicated that 
there would be examinations in .mathematics, history, geography, Latin, 
and* Greek. While the elementary schools provided only incidental 
science lessons the high schools often offered one or more of: natural 
philosophy, chemistry, physics, geography and natural history, botany 
and zoology. Two descriptions indicate the nature of the, science 
work around 1850. The first one was given by Paul J. Fay In an ex- 
tensive report on chemistry. ^ ^ 

During the first three-quarters of the nineteenth century, 
chemistry teaching was ^superficial but rather practical. 
. . . The most obvious features of high school chemistry 
during the first p'^riod were its informal character, its 
utilitarian nature, its superficiality and the m'emoriter 
character of the teaching methods. . . . .The method of 
teaching ''r:ed throughout this period was predominantly 
that of assigning material in the textbook and hearing 
the pupils orally repeat the same material (13:1533^,1546). 

Bigelow discuss4d the natural history work as follows: 

We can best understand the present natural history in 
secondary schools after briefly reviewing the history of 
formal instruction concer.nirg animals. From the earliest 
records of such teaching in the last part of the eight;eenth 
ceitury until sometime in the eighties of the nineteenth 
century, the common instruction was along the lines of 
^ t;he old natural history, consisting chiefly of descrip- 
tions of external forms, life histories, cl^assif icaftion 
and relations of animals to ifian (30:265). 
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THE OBJECT METIOD: ^ 

OUR FIRST REVOLUTION/\RY CHANGE 



It was in 1858 that Edward A* Sheldon made his trip t>o Toronto 
and '^hr^urned from this visit with the delight of the discoverer of 
a new world, laden with charts, "books, balls, cards, pictures of 
animals, building blocks, cocoons, cotton balls, samples of yarn 
and specimens of pottery and glass" (16:17). The enlarged vision 
caused him to offer new courses at Oswego, New York. In these new 
courses he dealt with form, color, size, weight, animals, plants, 
the human body, and moral instruction. The demonstrations that so 
challenged Sheldon were from the Home and Colonial School in London. 
He brought the key instructor from this school to Oswego Normal 
School and later he also brought another Pestalozzian to help 
develop the Object Study Method. Sheldon and his coworkers brought 
about a new direction to American education by extensive lectures, 
demonstration^^lnstruction, and written materials, including in 
1963 a book Lessons on Objeots (51). The Object Study Method suc- 
cessfully challenged the listening, note taking, reading, and ipte 
reciting so prevalent at common school levels. It also came td 
have a very profound influence on high school and college sti'dies 
where giving lesions, assigning reading, hearing lessons, and 
giving tests were the common instructional practices. It was a 
small step from object study to nature study, field wrrk, laboratory 
work, demonstration methods, and an approach to teaching and learn- 
ing which removed the textbook and the teacher from t' 2 preeminent 
ppsition as the source of all truth. In 1882 the Department of 
Interior, Bureau of Education, issued a bulletin with the following, 
statement : 

Instruction in natural science should be a training in 
'thinking. Pupils should be led co form general ideas, and 
laws from the objects of study and the phenomena presented 
to them, to draw conclusions upon the causes of such phe- 
nomena and predict the future action of the causes they 
have learned to know. In this way not only a knowledge 
but also an- understanding of nature is reached. . . . The 
natural* science school book should be used only as a book 
of reference in reviewing, as a means of saving \^^:iting, 
for recalling to memory the things observed in the course 
of study, as a help in looking up modes of expression, 
and particularly as a general model. No repeating from 
memory things not observed by the students themselves 
and no mere reproduction of school book information should 
be asked for either in the examinations or by inspectors 
(59:5, 7). 
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It is difficult to document the influence of the Object Study ' 
Method on secondary cind- college science teaching or to justify a 
statement that the influence was unique and profound* One statement 
by Edwin- Ih Hall, an eminent Harvard physics prof essor j'^bears on the 
Influence. 

On the whole, it appears that the best secondary schools' in 
America, in trying the experiment of teaching physics by 
means, in part, of laboratory work done by the pupils, have 
little or nothing to learn from the corresponding schools 
in France, Germany, or England. For France has apparently 
never dreamed of such an undertaking, Germany has never 
seriously considered it, and England is no farther along 
with it than we are in America, if indeed she is as far 
(52:370-371). 

ATTEMPTS TO COJiTROL CURRICULA: 
OUR SECOND REVOLUTIONARY CH/\NGE 

The academies that flourished around 1850 were under the con- 
trol of their benefactors, their boards of managers, their head- 
masters, and their teachers. In their early years they provided 
.auch practical instructign along with some classical preparation. 
More and more they began to serve a college preparatory function* 
Those academies that became known for excellent college preparation 
required examinations for admission ^nd graduation. Their success 
came to be measured by the success of their\graduates in gaining 
admission to their selected colleges and by the progress that the 
students made during and after college. Many but not all academies 
became very responsive to the expectations of the colleges. 

The public high schools were first and foremost responsible 
to their elected boards of education, their chosen school leaders, 
and the teachers. As more and more youths extended their education 
into the public high schools the offerings and instructional prac- 
tices changed more ^nd more to meet the needs and interests of the 
broadening spectrum ( f youths. Diversity became a greater and 
greater problem when these public high schools were called upon to 
serve a larger and larger number who had collegiate studies in mind* 
The problem became intolerable to many college admission officers 
and the collegiate teaching staff. In their judgment something 
had to be done. 

New York established a Board of Regents and state examinations 
for graduation. Examinations were based- on syllabi which were 
issiJed for the guidance of teachers and school leaders. The Regents 
Plan was established in 1877 and the first syllabus was made avail- 
able in 1880 (43). From tliat time syllabi have been revised from 
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time to time and examinations have been developed and used in support 
of a New York State Regents Diploma, Many other states have issued 
syllabi under the general title of courses of study but very few 
developed an examination system and only New York has maintained such 
a system. 

The University of ^fichigan accepted botany for admission in ' 
187p and Harvard University accepted physics for entrance in 1886 
(ll),- As a guide to the schools Harvard ^made available descriptive 
lists of experiments and outlines of topics deemed to be suitable 
preparation for admission. The lists from Harvard for physics 
appeared in 1887 and, in 1897. The lists for chemistry were first 
available in 1888, These lists were notable because they repre- 
sented the first attempts to' lay out descriptions of suitable 
laboratory work. 

The Influence of the Descriptive List on the development 
of physics teaching in America has been tremendous. It 
appeared at the psychological moment when the demand for 
object teaching, which had made its appearance here about 
1848, had reached its full force. It exalted this demand 
for object teaching into a requirement of quantitative 
laboratory work, It^ showed teachers and school boards 
how a laboratory method of teaching could be introduced - 
into the work in physics with the use of materials at hand 
and with a small outlay for equipment (33:58), 

Anothet avenue of control was through committees established 
by organizations of national repute. In 1884 the United States 
Bureau of Education published a bulletin that ^ntained a suggested 
list of topics to be considered fundamental to a course in physics 
(61), This was followed in 1887 -by a report from a committee of * 
college and high school physics teachers appointed by the. National 
Education Association (N^A) and the American Association for the 



Advancement of Science (AAAS), Their report contained the follow- 
ing statement: 

Your committee on physics teaching was appointed in 1885 
to consider with disparagement of other studies linguistic 
or scientific, how physics teaching in our schools. may be 
improved and made more uniform throughout the" country. 
We believe it would tend to improve the teaching of 
physics and would promote a helpful degree of uniformity, 
if all the teachers of this branch of science would unite 
on' a list of subjects that should be regarded as funda- 
mental never to be omitted from a high school course, 

however many others may be added to them and always to 

be taught by experiment. Such a list we give below; it 
will serve at least to indicate the class of subjects 
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which we think should be included in the high school 
course, and, we hope, will lead to examination and dis- 
cussion, and later to the adoption of some similar list 
- (38:41,43). 

The final links in the chain used to. control school curricula 
began to be forged when the National Council of Education, a crea- 
tion of the NEA appointed the Committee of T^n on Secondary School 
studies in 1892. There were nine subcommittees or conferences each 
with ten persons. Of the persons serving on these conferences, 75 
percent were either college staff members or headmasters of prepar- 
atory schools. They gave their attention to the courses that college 
recognized for admission. Three conferences were concerned with the 
.sciences: 1. physics, astronomy, and chemistry, 2. natural history 
including botany and zoology, and 3. geography including physical 
geog/aphy, geology, and mineralogy. Their report in 1893 served 
to confirm with only minor variations the earlier descriptive lists 
of experiments and topics (39) . Then in 1899 the Committee on^ 
College Entrance Requirements reaffirmed these descriptions (37). 
By these actions and by a- system of accreditation of high schools 
by visiting teams the high schools were influenced to half or at 
least to limit their curriculaf innovations ♦ 



SCIENCE TEACHERS ORGANIZE AiND RESPOND: 
OUR THIRD REVOLUTIONARY CH/\NGE 

High school science teachers were a tminority of those who had 
a part in attempts to control high sc]jool^dutricula. Many of lihose 
who became members of the committees shared the views of the college 
staff members. But ideas about the purposes of high school studies 
and about adolescence were changing and some of the high school 
science teachers felt strongly the limitations that the college 
orientated leader^. had'p£aced on, the high school levels. One of 
the more arLiculate of ttiese persons was C. R. Mann of the Univer- 
sity of Chicago.'* In a trbct published in 1906 he wrote: 

In sharp contrast with the growing popular interest in 
the VorlTof science stands the enthusiasm of the xising 
generation toward its study. In an article in the 
Educational Review for March, 1906,- Prof. J. F. W.:>odhull 
describes forcefully the change for the worse thr.t has. 
taken place^^ in the past twenty years' in the attitude of 
the school chil Ven toward the study of physics. 

The same facta are cleai^ly presented by G. Stanley 
Hall ip his work on Adolescence ^ Vol. II, p. 154. 
' They are very familiar facts to all high school princi- 
pals, college deans, and otherc who are in a position 



to hear the stuaents frank and unvarnished expressions' 
of opinion conc'eming their own work. 

Since these fax.*:s have come into great prominence in 
the last few years, it becomes a matter of necessity to 
try to diagnose the disease ^ and to attempt to discover 
the pathogenic bacteria that are responsible for it* In-' 
vestigations into the nature and habits of> this compara- 
tively new species of bacteria have disclosed the fact 
that it is not indigenous to physics teachers. Before 
his classes begin to notice that a teacher shows symptoms 
of the blasting disease he must be innoculated by the 
agents of the Association for the Prevention of Enthusi- 
asm among Students. The innoculating fluid is especially 
prepared for the association by a corps of trained college 
examiners and technical physicists, and is warranted to be 
pure stuff and certain in its operation, The formula- for 
the preparation of the serurn is as follows: Take 30 parts 
of desiccated mathematics and grind well together with 20 
parts of „pure abstraction. When thoroughly mixed, stir 
in 10 parts each of accurate measurement, technical 
manipulation, notebook compilation and percentage of 
error* Let stand over night. Then add 8 parts of defi- 
nitions of the undefinable and 2 parts of real physics. 
The solution must be carefully corked up in college 
entrance examination bottles, since it spoils quickly 
when exposed to the fresh air and sunshine of the world 
about it (32:2-3). 

He continued to discuss his feelings and included a lengthy 
section from the article mentioned under the authorship of Professor 
Woodhull. Similar feelings must have motivated other teachers to 
join with them in forming an organization of physics teachers in 
the Chicago area in 1902. Later that year teachers of high school 
^biology, chemistry, earth science, and mathematics were included 
in the formation of the Central Association of Science and Mathe- 
matics Teachers (CASMT) . Earlier by a few years, .in 1895, a group 
of high school and college science teachers had formed the Depart- 
ment Of Natural Science Instruction of NEA. In New York state the 
science teachers.' established their association in 1896. Similar 
groups were formed in other states and in cities for the purpose 
of developing an effective voice for the views of high school sci- 
ence teachers on curricular and instructional problems* 

In 1908 a commission met in New York City to prepare a new 
definition of requirements for a course in elem'sntary physics. A 
vigorous minority report dissenting from the views of the majority 
was handed in by the representatives of the North Central Associ- 
ation. This minority urged that the definition should be referred 
to successful and experienced teachers of physics who were actively 
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-engaged in teaching this subject at high school levels. This idea 
prev*ailed and the definition that they produced was accepted by the 
College Entrance Examination Board "(CEEB) • This influence of active 
high school science teachers increased i^ore and more until the col-- 
lege specialists came to perform i cooperative or an advisory func- 
tion in the definition of high school science curricula. However, 
a strong influence by collegiate scientists has continued over the 
years but it has been tempered by the views of active high school 
science teachers • 

THE NATURE SlUDY NDVBEiYI^': 

OUR FOURTli RHVOLUriONARY CHANGE . ' 

The Object Study Method produced a major change in instruc- 
-^^ional practices, especially at the lower common school levels, But 
it also ]^aid firm foundations for the nature study emphasis which 
had not bnly a profound effect on elementary school ^science but also 
on field and laboratory approaches to science at higher levels. While 
the Object Study Method brought an instructional revolution it also 
reduced attention to the exotic and fanciful studies which were in 
some school lessons. However those with a scientific point of view 
wanted a well-arranged* science course of study at elementar)^, school 
levels. William Torrey Harris published such a program for the St. 
Louis Schools in 1871 (15) . He was a vigorous school leader who 
became president of NEA in 1874. He strongly promoted his artificial 
spiral design for science lessons. For 20 years his gained wide 
acceptance. 

Naturalists were not happy with such an artificial arrangement. 
Gustave Guttenberg reported that in 1890 the American Society of 
Naturalists had developed an alternative. 

r 

There is a committee existing. . . . This committee has 
' been appointed by the American Society of Naturalists to 
consider the subject of science in the schools. It has 
submitted a report, which has been accepted by the Society. 
The propositions of this report, as far as they concern 
primary and grammar schools are as follows: (1) Instruc- 
tion in natural science shoald commence in the lowest 
grades of the primary schools and should continue through- 
out the curriculum. (2) In the lower grades the instruc- 
tion should be chiefly by means of object lessons; and 
.the aim should be to avaken and guide the curiosity of 
the child in regard to natural phenomena, rather than to 
present systematized bodies of facts and doctrines 
(14:596-7). 
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A nature study program was about to be launched in Pittsburgh 
in 1889 where W. S, Jackman, a Harvard graduate, had spent five years 
developing such a program while serving as a high school teacher. At 
this point he had an opportunity to take charge of the science work 
at Cook County Normal in Chicago, succeeding a teacher from Oswego 
Normal School, Jackman perfected his nature study program and spread 
his plan widely through his teaching, lecturing, and writing. Severa 
publications appeared in 1891, 1894 and 1901 (25, 22, 23). Nature 
Studyj the Third Yearbook of the National Society for the Study of 
Education (NSSE) , Part IX, 1904, was devoted to his nature study plan 
with Jackman as the author (21). Jackman suggested a seasonal arrang 
ment of topics rather than a study of types. He stressed direct ob- 
servation followed by personal interpretation while th^ program by 
Harris stressed lectures and experimentation by the teacher. 

In the 1890 to 1910 period several ideas about a nature study 
program appeared. Two liave persisted over the years. One was the 
nature garden idea. This was explained and promoted by Arthur C. 
Boyden (2) . , It prospered and nature gardens- persist in some school 
settings to the present time. Another idea about nature study was 
expressed by L. H, Bailey in 1897. 

Nature-Study, as a process, is seeing the things that one 
looks at, and the drawing of proper 'conclusions from what 
one sees. Its purpose is to educate the child in terms 
of his environment, to the end that his life may be fuller 
and richer. Nature-study is not the study of a science, 
as of botany, entomology, geology, and the like. That is 
it takes the things at hand and endeavors to understand 
them, without reference primarily to the systematic order 
or relationship of the objects. It is informal, as are 
the objects which one sees. It is entirely divorced from 
mere definitions, or from formal explanations^in books. 
It is therefore supremely natural. Jt trains the eye and 
the mind to see and to comprehend the common things of 
life; and the result is not ^directly the acquiring of 
science but the establishing of a living sympathy with* 
everything that ir. (6:11). 

Bailey as director of the College of Agriculture at Cornell 
University in Ithaca, New York ,. continued to influence this type 
of nature study. He enlisted the help of many faculty members 
and they wrote leaflets in their area of specialization but with 
the nature study philosophy. A collection of the leaflets between 
1897 to 1904 was reprinted under the title of Cornell Nature -Study 
Leaflets (6). Bailey was the author of 17 of these leaflets, Anna 
Botsford Comstock of 18 y and some 15 other persons wrote one or 
more leaflets. Leaflets continued for more ^.han 50 years along 
with the dedicated personal services of very effective educator- 
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scientists, T:;o such persons who served for a number of years 
were Anna Botsford Comstock and Laurence Palmer • In the Teachers 
Leaflet for May 1897 Bailey gave his thoughts about the survival of 
nature study. 

Real nature-study cannot pass away. We are children of 
nature, and we have never appreciated the fact so much 
as we do now. But the more closely we come into touch 
with nature, the less do we proclaim the fact abroad. 
We may hear less about it, but that will be because we 
are living nearer to it and have ceased to feel the neces- 
sity of advertif=ing it. 

Much that is called nature-study is only diluted and 
sugar-coated science. This will pass. Some of it is 
mere sentimentalism. This also will pass. With the 
changes,' the term nature-study may fall into disuse; but 
the name matters little as long as we hold to the essence 
(6:13).^, 

The condition cff nature study and a major influence that was 
to effect its future was described by Ira Butron Meyer in 1910 as 
follows : 

Up to this date there had been np cooperative efforts on 
the part of advocates pf nature study and little attempt 
to define, in any broad and -comprehensive way, the funda- 
mentals r ' nature study, t'6 determine what it really is, 
its scopt, and the character of the work which it should 
attempt to ^o. At this crisis in the situation, when 
people began to say that the work was in bad repute, when 
eminent educators contended that it was a dangerous fad. 
Prof, M, ^A, Bigelow came to its rescue in the founding 
of the Nature Study Reyiew (34:246), 4 

, The Nature Study Review and the Nature Study Society! which 
was founded in 1908, did continue to promote nature study both 
in essence as well as a course title in the elementary schools. 
As a result nature study did maintain its prominence for many 
years. However the essence has 'not only continued at elementary 
school levels but also at secondary and collegiate levels. Youth 
movements such as'^the scouts and 4-H clubs took up the essence. 
This movement into informal education was reported in 1926 as 
follows : 

Muc^ could be said concerning trends and tendencies in 
nature' study and elementary science, but limitations of 
space necessitates elimination of all save developments 
which are distinctly new and prophetic. The increasing 
use of nature study in suinraer camp work, the growth of 
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the nature guiding movement which has become a feature ,t 
of the National Park Service, the adoption of programs 
of nature study and elementary science in the work of the 
Playground and Recreation Association of America, and the 
cooperation of museums with school systems in carrying out 
well organized and conducted programs of .nature and sci- 
ence education are matters of significance, which furnish 
suggestions to the forward-looking educator (36:61). 

The development which hastened the trend toward disuse of the - 
nature study title v/as a new direction in 'organizing a program for 
science at elementary school levels. Gerald S. Craig tried to find 
a basis for a^ structure in 1927 when he was faced with the need to., 
develop a science course of study for the Horace Mann Elementary 
School. He studied the practices that were current at that time. 
He fouhd that "the outstanding characteristic of the nature study 
and science programs in the elementary schools seemed to-be a lack 
of organization (7; 9:41). 

Craig studied the functions- of an elementary school science 
program. Ha developed a list of objectives ^ and arranged for the 
help of a corps of competent people to evaluate these objectives 
in terms of their importance. He studied the interests of children. 
He studied authoritative source books. From such information he 
developed key meanings that contributed to the objectives. Then 
he designed units with instructional aids for the teachers so that 
they would be able to help children understand the key meanings. 
Much of what he -designed ^^was-excellent nature study but it was % 
called elementary school science. The stress on "key meanings" 
was different §nd the use of such key meanings as the basis for 
organizing a science program produced a different plan. In the 
years that followed science programs became organized more commonly 
around key meanings. Materials with real phenomena were used in 
the development of the rceanings. Natural objects became supportive. 
The essence of nature study was not lost but the use of nature study 
as the title |for a science program 'at elementary school levels .fell 
more and mor^^ into disuse. 



THE GENIiRAL SCIENCE *NDmENT: 
OUR Fira-i REVOLUTI0N/\RY CiL^XNGE 

^ An urgency to develop a significant science program for the 
first two years of high school grew out of the limitations placed 
on teachers and school le^aders by the series of steps taken between 
1880 and 1900 to promote academically respectable science courses 
in the high schools. Many youths were not able to succeed in such 
courses. Furthermore a growing number of youth entered the high 
schools apd often rfem-'^-ined only a year or two. The problem of 



providing a meaningful and useful science course was a very real one 
There were few restrictions at the level of the entering years of 
high school so innovations were possible. 

In September, 1904, a course "mildly physics and chemistry" 
was offered in Springfield, Massachusetts. "The following year ^ 
some astronomy was added and little by little the other sciences 
found a place, until the course became in fact, as well as in name, 
a course in General Science . (28:135) . " W, F, Roecker made a ^tudy 
of what had happened in the movement up to 1914 and wrote: 

At present the subject is spreading rapidly in this state 
and throughout the country. This is largely due to the 
satisfactory reports which have been received from the 
prominent centers in which the work has been given a trial. 
Springfield, Mass., Pittsburgh, Pa. , Oak Park, 111. , .Provi- 
dence, R4I., Bridgeport, Conn., Illinois State Normal 
University at Normal, 111,, Wichita, Kan., Gary, Ind. , 
and Madison, Wise, may be mentioned as such centers. Most 
^ of these schools have developed some kind of a manual and 
organized their courses according to some specific type. 
Thus at Oak Park, physiology is made the unifying subject; 
in Bridgeport, mineralogy serves the same purpose. At 
Normal, 111. physics is made the primary part of the sub- 
ject while in Madison (city high school) elementaxy 
biology forms the core (50:756). 

General science did not appear in the statistical surainaries 
on offerings and enrollments from the Office of Education, United 
States Departm^.nt of Interior, until the year 1922 when 18.27 
percent of the students in high school were enrolled in this sub- 
ject (26). The statement about the sciences in the 1934 report 
was as_,follows: > « 

The leader in the science group is general science both 
in number of offerings p-'d in number of registrations. ' 
Moreover, it leads in the last 4 years of high schools 
as well as in seventh and eighth grade. Its ascendency 
over the; other sciences is especially prominent in the 
seventh and eighth grades, where it has between six and 
seven times as many registrants as all the other sciences 
combined (26:14).' 

A committee on The Reorganization of Science in Secondary 
Schools was appointed by a commission of NEA in 1913 and 1 report 
appeared in 1920 (4). The committee related its report to the 
Cardinal Prinoiple)s of Secondary Education which had appeared in 
1918 (60). Of the Steven main objectives stated in this 1918 
report the committee \considered the sciences to be especially 




valuable to the realization of six cardinal principles* The com- 
mittee made the following statement about general science: 



This introductory course in science is not a substitute 
for any one of the special sciences, but should provide 
a basis for discovery of interest in special sciences and 
of vocational opportunity. It should prove to be the best 
training for any pupils who can take only jne course in 
science in high school (4:25). 

The report went on to discuss the selection and organization 
of the course content which they stated should be to a large extent 
from the environment and useful in developing true interest. They 
discussed the methods to be employed and gave examples of topics 
with recomTiionded content. As a result of this report and other 
endorsements the course in general science came to be accepted as 
a very important course among the sciences of the secondary school • 

Edward E. Cureton made a study of general science in 1927. 
He set as his goal the determination of the basic aims of the 
course, the functions of the science laboratory, the best methods, 
of teaching, and the topics and problems which should be considered 
as essential. He stated as his finding that "There -is no general 
agreement concerning che basic aims of junior high school science 
(9:89)." He went on to indicate that the aims could be classified 
in such areas as appreciation, formal subject matter knowledge, 
and cultural values. The principal function of a science labora- 
tory for general science was to provide illustrations of important 
facts and principles. Demonstrations by the teacher or in coopera- 
tion with students were prominent methods of teaching. ' Cureton 
found' more than 200 topics in general science courses, 15 of which 
were most frequently included. Expert opinions supported the idea 
that intensive reading, recitation, and lecture were too commonly 
being used in the teaching.' 

Elwood D. Heiss reported his study of high school general 
science courses in 1932 (10:55). He found that he could group the 
course content, under 12 topics although there were many additional 
topics. He found agreement on the point that the content should 
be organized from the point of view of the environment without any 
regard to the major divisions of science. He found wide variations 
in the degree to which students mastered the facts, principles, 
and applications. These variations were best explained on the 
basiSoOf variations in intelligence of the students. 

General science continued to be the leader in student enroll- 
ments among the high school sciences through 1934 and second only 
to biology in 1947 (27). In a period of 25 years general science 
developed a very secure place among the major science courses of 
the four- and the six-year high schools. 




General science courses have changed over the nation and over 
the years. As a science course it has been relatively free from 
controls • It has therefore been adapted to meet the changing needs 
of youth. 

FOUNDATION SUPPORT FOR CUIIRICULAR CHANGE: 
OUR SIXIH RI^.VOLUTIONARY CHANGE 

During World War I it became known that poisonous gas was likely 
zo constitute an important munition. In preparation for such an 
eventuality the government called upon its ablest research chemists 
to provide a means for defense, to solve problems of production, and 
tO'provide our field forces with an ample supply of the new weapon. 
Results of the team approach were forthcoming with a speed and cer- 
tainty that amazed national leaders. After the war was over The 
Chemical Foundation, Inc., became a means, tor an educational cam- 
paign to promote the study of chemistry. This campaign took several 
forms of which two became widely known to high school chemistry 
teachers . 

One form was a distribution to high school chemistry teachers 
of very readable and interesting books related to chemistry. The 
hope was that the teachers would read them and encourage their 
students to do likewise. There were two books^ reporting on chem- 
istry in industry (19, 20), one on chemistry in agriculture (5) and 
one on chemistry in medicine (55). There may have been total of 
ten books?. To the isolated chemistry teacher this was a greatly 
appreciated means to call attention to the valuable results that 
chemistry had brought to the lives of all our people. Certainly 
the teachers made use of the materials in their teaching. 

Another form of help was the establishment in 1922 of The 
Division of Chemical Education of the American Chemical Society 
(ACS). This division established a coimaittee to develop a standard 
minimum high school course in chemistry. The committee held it^ 
first meeting in 1923 and. made a report in 1924 (18). The com- 
mittee invited criticisms and suggestions fvutn high school chemistry 
teachers and received abou" 30,000 suggestions within six months. 
Among the responses was one provided to high school and college 
chemistry teachers through the medium of their own journal. Among 
other comments, Charles H. Stone included the following: 

If the first and only function of the high school were 
to prepare its pupils^for college, there could be little 
argument as to the content of its chemistry course. It 
would only be necessary to follow the outline for chem- 
istry instruction as given in the Syllabus of the College 
Entrance Examination Board. No other course would need 
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to be considered. The principal argument which might be 
advanced against the present syllabus would be that it is 
much too comprehensive and cannot be covered -satisfactorily 
in the usual one year High school, or preparatory school 
course, unless it be-in some special school which devotes 
its attention exclusively to training a selected group of 
students for admission to college. . . \ It seems to me 
that th time has come when the, rights of the ninety per 
cent ruu; ' be more fully recognized. The time has come 
when it should be possible for teachers in all prepara- 
tory schools to give a course which shall not be so tied 
down to college requirements as to prevent instruction in 
the chemistry of :he students environjient X56:55,58). ^ : 

, ' The minimum standard list was revised and a list of supple- 
mentary work and additional topics included. Again this material 
was widely distributed so as to reach mos't of .the high school chem- 
istry teachers. Suggestions for further .revisions continued to be 
received by the committee. Among other suggestions many teachers 
proposed two high school chemistry courses: one for gen'^ral educa- 
tion and one for preparatory wotk looking toward college studies. 
The committee responded to this idea in a^^vei^y definite manner. 

The Committee does not feel- that it is practical or' neces- 
sary to have two different courses in high schools, that 
is, one course far ' :io3e who expect to attend college and 
one for thos^who dd not. . . . The Committee wishes to 
reiterate and to emphasize that-^^it is not the purpose of ^ 
th6* foregoing syllabi^f^o '"standardize" the teaching of 
chemistry. The Committee would consider any such result 
cf its labors as a misfortune^ indeed. If, however, a 
course in high school »chemis try can be made to -^tean Some- 
thing definite which the colleges may take for granted 
in tha same way thaf they do high i ^hool English and 
mathematics, foj: instance, and if unnecessary duplication 
of effort can be eliminated to an appreciable exten*: much 
will have been Accomplished (17:656), 

Much was accomplished through the e::tens:ve involvement of the 
high :^chool chemistry teachers and the dedicated efforts of leaders 
among chejpists. Both of these became possible through the founda- 
tion support. It is appropriate to note what R. W, Edmiston re- 
ported in 1931: 

During a study of overlapping in secondary school sci- 
ences, objective tests pointed ouc the more thorough 
scientific preparation of the chemistry group than that 
of either the' biology or physics group. Since the test 
.groups were similar, * the^ divergence called for further. 




consideration* The lesser and more unified content "Df the 
•5?teaching efficiency, or pupil interest or both^which* has 
resulted from The Chemical Foundatioi\ through'' the American 
Chemical Society are the two differences iJlscov^i^-ed that 
can account for the more thorough scientific knowledge of 
the high school chemistry group (12:556). 

The work of the committee continued over about 15 years and^ 
several additional reports were developed to meet need's suggested 
h\ the high rchool teachers. The overall favorable results , ^ue in 
part at lea^'L to the extensive involvement of active liigh school' 
chemistry teacher- ii)ade possible by the necessary financial suppoi;t, 
influenced the chemistry instruction for many, years. Wliile physics 
enrollments had exceeded those of chemistry from 1890, chemistry, 
enrollments became th^ leader in the physr :al sciences in^.bhe 1928 
report and chemistry enrollments extendi 'ie margins in 1934 and 
in r>47 (27). . . ^ 



TOWARD PRINCIPLES AND MAJOR jGBs^Ei^ALIZATIONS: . - * ' 

OUR SliVENTH REVOLUTIONARY CHANGE 

The biological science? ?.onsisted of separate courses in 
botany, physiology, and zoology into the twennieth century, the 
condition in 1913 was reported by a committee in Kansas."^ 

After due ccnsideration and extensive correspondence wrth ' ' 
the high school teachers of the" biological .sciences in the 
state and in fifty representative cities of the country 
in general, a majority of the coirjoittee has bw-ome con-- 
vinced that a general course in biology, rather than sep- 
arate courses in botany and zoology as such, should be 
given in the second year of the four-year high school 
course as at present generally organized. 

What the majority of our committee favor is a course 
that has not yet appeared, but which we believe can and 
will be developed (49:146). 

"he conm.ittee that prepared suggestions and reommendations 
for the report on The Reorganization o/ Science in Secondary Schools 
in 1920 stated very clearly what they had in mind for the biological 
sciences* i 

The COmmitf.ee believes that a course in bioloj^y m the 
ninth and tenth grades should be what the name* implies 
. . .a study of living things (4:31). 

An approach to a unified biological science course based on 
fundamental biological principles was very slow in developing as 
revealed by Alfred Kinsey in 1930. 
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An examination oi rrent textbooks and state syllabi 
similarly show thac we are undecided whether our intro- 
ductory course should involve a one -half year of botany * 
followed a one-half year of zoology, or a unit syn- 
thetic concerned with generalizations applicable to all 
f organisms (29: 374), 

Even in, 1932 Wilbur L, Beauchamp reported that 89 percent of 
the biology courses of study he examined were divided into three 
major divisions: one devoted to plants, one focused on auimals, 
and another directed^to the study of man (1), The remaining "11 
percent were organized around fundamental life processes and activ- 
ities* 

The rate of change increased rapidly following the pul^ication 
in 1932 ^f the NSSE Thirty-First Yearbook, Part I (4 )• This study 
bore the title A Program "or Teaching Science. The summary state- 
ment developed by the committee as it concerned biology wa>4 

This Committee su\ orts the thesis that the materials of 
bio'logy courses should be organized definitely in such a 
way as to contribute to an understanding of biological 
principles, to the end that this training may contribute 
to a reification of major generalizations and their accom- 
panying; scientific atnitudes (41:239), 

While the area of biology has been used as an example of the 
movement toward a s'cifence course organization based on principles 
and big ideas, the Thirty-First Yearbook committee made it clear 
that their recommendation applied to all leaders in all areas and 
at all levels of science instruction. They stated that major 
generalizations and the associated scientific attitudes were to 
be seen as of such importance that an understanding of them is made 
the objective of science instruction; ' This resulted in much cur- 
ricular work involving attemptc to identify the major generalizations, 
prin^ples, theories, and other big ideas. After identification 
thereNf/as a- need for their proper formulat ion. This was often 
followed by a determination of their importance for general educa- 
tion. Attempts were then made to develop activities through which 
an understanding of the ideas would develop in the minds of the 
students , 

The organization of a course in physical science began to 
develop in the minds of several leaders when the biological sci- 
ences were being generalized around major principles. Physical 
science courses began to appear here and there in 1934 to 1940 
(35), ' , 
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There was also increased accention given to major principles 
within the existing courses. The movement toward an organization 
based on principles was a pervasive one and it influenced the think- 
ing of leaders in science education who were concerned about ele- 
mentary, secondary, and collegiate' science instruction. It was 
pervasive also in that it gained widespread acceptance and continued 
to influence the development of science courses from the time of its 
introduction. 



IHE HUMAN ^^EEDS BIPHASIS: 

OUR EIGHTH I^VOLariON>\RY OmGE 

During the decade of the Great Depression from about 1930 to 
1940 there was a great influx of high school age youth into the 
schools. There were limited opportunities for work and the schools 
were accepted as a constructive haven for all youth. It also de- 
veloped that some of the youths could be more appropriately served 
in the Civilian Conservation Corps (CCC) and the National Youth 
Administration (NYA) , By 1940 28 states reported that 90 percent 
of the 14- and 15-year-old youths were in school. For m^ny of the 
youths the high school experience would amount to a year or two 
or at the most graduation, ^But many students in the same schools 
expected to graduate and to be admitted into the college of their 
choice. This condition made it necessarv to find appropriate cur- 
riculcir adjustments. 

The revolutionary change in education from ma^jor attention to 
specific information to concern for fundamental p'rinciples and 
significant generalizations vas in itself a recognition of human 
needs. Teachers hr.J noted again and again that st-udents forgot 
very rapidly what they had lea»^ned, especially the specific infor- 
mation peculiar to their course. The roots of the change were much 
deeper, ' 
« 

The leaders in science education organized in 1928 The National 
Association for Research in Science Teaching (NARST), They had 
arrived at the conclusion that real progress in science teaching 
must rest upon facts obtained through research. One of the leaders, 
Francis D, Curtis,' developed a means for the dissemination of the 
results from research efforts. His Investigations in the Teaching 
of Science were studied widely (9, 10), The association often met 
in conjunction wich the American Association, of School Administrators 
XAASA) and the results of investigations were readily coimnunicated 
to school leaders. Furthermore the committee for the Thirty-First 
Yearbook (41) included meny of the research-mindotl leaders in science 
education. The problems occasioned by the large influx of students 
into the high school cor id be faced by 'curricular and instructional 
innovations based on scence educati i researche 
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It is impossible in this chapter to call attention to many 
investigations that contributed to changes in^direction that helped 
the schools to respond to individual and societal needs/ Ralph Tyler 
reported in 1930 that students retention &'f specific information was 
much less than their retention and^abilitv^ to explain everyday phe- 
nomena and to apply facts^and principles *^10:305). Other investiga- 
tions added findings of the same nature* Teachers also had learned 
that everyday phenomena and applications seemed to be of substantial 
interest to youth, especially those who did not plan to go to college. 
Surely greater stress on applications of principles and exp.lanations 
of phenomena was a way to recognize individual, societal, and teacher 
needs. In the revision of science courses.-the,^j.,rection was toward 
making them more general, more applied, more suitable to the wide 
spectrum of interests and abilities found among the students. 



The change of biology from separate divisions or even separate 
courses on botany, physiology, and zoology to general biology courses 
was a way to recognize needs. The demand to recognize individual 
and societal needs was especially ^ acute in the biology area beqause 
of the many youths in school at the 10th grade level that elected to 
take biolo>y as their science since biology also met the require- - 
ment of a labo.ratory science for graduation. Not only did a variety 
of general biology courses emerge but also such courses as biology 
and human welfare, conservation, life science, health science, civic 
biology, and the like. Many high school and college biology teachers ^ 
v;ere very unhappy with this trend. They felt a need for an organi- 
zation /here they could exchange ideas about what was happening. 
The National Association of Biology Teachers (NABT) was organized in 
1938 and The Biology Teacher' became their journal. 
< 

The Union of Amei'ican Biological Societies established a Com- 
mittee on the Teaching of Biology in 1939 and mailed 16,000 copies 
of an elaboiiate questionnaire to biology teachers throughout the 
United States. They were concerned about the teaching of biology 
in the schools. A finding such' as the following did not give them 
much comfort : 

Substitution of a social study for a biological study — a 
movement led by large cities and doubtless still in pro- 
gress — has lately occurred in about 10% of our schools. 
Approximately 9.8% of the replies, indicate that a bio- 
logical subject — hygiene in 61% of cases — has been trans- 
ferred to the teacher in physical education during the 
past 5 or 10 years (48:76). 

1 ey found decreased time for laboratory work to the point 
where .ive periods per week was the common amount of time for both 
class and laboratory work. Then they gave the following conclusion: 
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The high school teacher of biology cannot alone resolve 
the many questions relating to his own*adequate training, 
to his opportunity to teach an adequate ar*ount of biology^ 
and his freedom to teach the foremost principles of his 
science (^8:76). 

Not only were the leaders among the biologists stirred into 
action jut also the, leaders among the physical sciences who were ; 
faced with a movement toward the generalization of physics, chemistry, 
and other physical and earth sciences into some type of fused or 
physical science. There were under way such modifications of chem- 
istry and physics as applied chemistry, dynamic physics, advanced 
general science, and fused chemistry and physics. The leaders who 
were concerned about the academic respectability of their: area formed 
the American Association of Physics Teachers (AAPT) in 1930 and the " 
American Science Teachers Association (forerunner of NSTA) in 1934. 

One further development that sharpened the focus of many who 
were bothered by the individual and societal needs emphasis was the 
establishment in 1938 of the Committee on the function of Science 
in General Education. This committee Was an outgrowth of the Com- 
mission on Secondary School Curriculum of the Progressive Education 
Association (PEA) . In their report on science they gave a brief 
review of developments in science teaching. They included the fol- 
lowing statement: 

This brief survey of present trends in science teaching 
reveals that there is probably less agreement as to the 
purposes of science instruction at the present time than 
there was in previous periods. This increasing confusion 
is due in part to vthe fact, earlier noted, that purposes 
and programs that were reasonably successful in a given 
•period have been carried along and still permeate practice, 
even though conditions that gave them validity have now 
changed (57:15). v 

In their report the committee revealed that their curriculum 
planning and experimentation would be needs oriented rather than 
science oriented. Needs were classified In such areas as personal 
living, p_ersonal-social relationships, social-civic relationships, 
and economic relationships. An illustration of the types of science 
courses they had in mind was functional chemist-ry which gave con- 
siderable attention to drugs, medicines, internal secretions, 
bacteria and disease, clothing, cosmetics, and hobbies. Another 
example was fused ^physical science with 'attention to household 
machines and appliances, public utilities, industries, matter and 
energy. Other illustrations were public health and genetics. 
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The Department of Science Instruction of NEA increased its 
activities during the confusion of the depression years. The depart- 
ment began to pubiish^yearbooks in 1935 • These publications included 
the papers presentjed at thei.r convention and usually bore the title 
of the convention theme* In 1937 the department sought special grants 
from NEA for the purpose of organizing a national committee on science 
teaching* A grant of $1,000 was received; the existing organizations 
of science teachers were invited to participate by naming a member 
or at least a consultant. Nine organizations accepted, a meeting 
was announced, subcommittees were established, additional -smajLl 
grants were received, reports were -developed and published (8, 42). 

The work on these reports gave science teachers and sciencfe 
education leaders opportunities to exchange many ideas, * Many of 
them accepted the philosophy that individual and societal needs must 
come first in the organization of science courses and in planning 
instructional practices. , For them the decrease in or total dropping 
of time' for laboratory work produced no tra;ima. Even the 3 <:reasing 
use of instructional films showing the use of science in everyday 
affairs and in scientific pursuits during laboratory and classroom 
periods seemed to be a good thing, because the students displayed 
considerable interest in the films; research findings such as those 
of Philip J, Rulon showed that ther^ could be real gains in retained 
achievement by the use of selected films (10: 336) • But --there was 
another .group of science teachers and science educators who deplored 
the "watering down" of science courses. They lamented the decreases 
in time for laboratory work. They felt strongly that something must 
be done to strengthen the science part of science instruction • The 
various scientific societies and associations were the allies of 
these science-minded individuals. 

Many very difficult problems had to be faced by science teachers 
and' school leaders during the depression years. Individual and 
societal needs were indeed great and great adjustments were made 
in attempts to recognize them. In addition to revising? existing 
science courses and developing new types of courses there were also 
many adjustments in instructional practices such as ability group- 
ing, individualized instructing, and small group Instruction. The 
academic respectability of many science courses was compromised .in 
many cases. It is impossible to fincj. in the publications of the 
1940 to 1941 period a.iy clear lines to a proper balancing of the 
needs emphasis with the science respectability point of view. The 
issue never came to a confrontation because World War II began and 
science teachers, scientists, and school leaders joined together 
to win the war and secure the peace. 

The recognition of a war emergency was in itself an attempt 
to recognize inc^ividua] and societal needs. The need became to 
prepare youth for effective performance, during the emergency* This 




meant the development and offering of new science-based courses 
that would help youths make rapid and effective progress during 
basic training and then to perform well In the offensive, defensive, 
and productive units of the nation. So far as new courses were 
concerned it meant the adoption of pre-induction training outlines 
such as fundamentals of m'achines, fundamentals of shopwork, funda- 
mentals of electricity, basic electronics, and other courses related 
to aviation, called pref light aeronautics. Some of these special 
courses were developed by the Pre-Induction Training Section of the 
War Department in cooperation with the U. S. Office of Education 
(USOE) , Military and educational leaders urged„ the schools to make 
such courses available. John W. Studebaker, the U. S. commissioner 
of education, closed his message to school leaders with the follow- 
ing words: 

Mastery of these course -materials on a pre-induction basis 
by thousands of youth will enable the Army to cut the post- 
induction training f'me necessary to ins ure the superior 
competence of our men in modern mechanized warfare. The 
courses may thus help to preserve the liyes of thousands 
of soldiers. Let it n^-ver be* said that any soldier's life 
was ever forfeited because we failed to dp our part to 
provide him with adequate training (47:iv). 

Not only were many needs-orienteti science courses abandoned 
and others greatly dee»aphasized but also projects that were designed 
to promote the needs types of courses were greatly slovred down or 
terminated because critical^ly important personnel became involved 
in the war effort. Some new -needs in addition to those directly 
related to military effectiveness came into the schools such as 
physical fitness, health, war gardening, and fuel economy. The 
needs emphasis was redirected and related to the, military emergency. 
It did not disappear from the educational scene. The designing of 
science courses with individual and societal needs in mind came 
into the schools during a depression emergency and it was greatly 
modified during a military emergency. Much of the neeoo emphasis 
was found when the war was over but new needs appeared an^. further 
modifications were required. Our schools as social institutions 
will undoubtedly continue to be sensitive to contempqrary needs. 

THE ^aJRTURE OF Fin'URE SCIHNllSTS: 
Om NLYITI REVOLUTIONARY CHANGE 

The scientific and technological nature of World War II caused 
a severe relocation of many high school and college science teachers 
Many graduate students in the sciences and mathematics also entered 
military service or became involved in research and development 
related to the wax effort. Then too a very large number of 
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science-talented youth postponed their entry into collegiate studies 
in order to serve their nation during the emergency. War necessities 
stopped or severely limited the production of consumer goods. Many 
new developments were concomitant products of the ^war effort and many 
of them offered possibilities for peacetime usesT The needs for a 
successful culmination of the war and for the years that would fol- 
, low were expressed by M. -H. Trytten in 1945, 

The present supply of technically trained persons will ap- 
parently be so'busy keeping up the status quo that the 
necessary tempo of new developments may not be possible. 

These considerations should mean to science teachers a 
special awareness of the need for the highest devotion to 
the teaching of sound, solid work in the sciences at the 
beginning levels. We need an enhanced flow of capable 
men into the advanced levels of scientific and engineering 
instruction. It is in the interests of the nation as a 
whole that a flow of capable, sincere students in the sci- 
ences return as soon as possible to the regular training 
courses in the universities and the graduate schools 
(58:47). 

fhis was not only a concern of scientists and engineers. It 
permeated the thinking of many leaders outside of the scientific 
community. As an.example the Advisory Conimittee, Intermission 
Science Series, New York Philharmonic Symphony Broadcasts, put 
their thinking in the following form: 

As it b ecame clear that World War II was drawing to a 
close, those in charge of the Philharmonic Broadcasts felt 
that the time had come when it was less important to stress 
historic values, as had previously been the aim of the in- 
termission program, and more important to look forward 
into the future. 

What the future would be, no or^e could forecast. Bul 
one thing was sure; science would be a mighty and per- 
vasive force in helping to shape that future (62 :v). 

The result of their decision was a prolonged series of weekly 
talks by scientists and engineers about their special interests 
and pursuits. Through the active encouragement of science educa- 
tion leaders the first series of talks was bound into booklet form 
and the second year resulted in a book (62). Both of these series 
of talks were distributed free to many high school science teachers 
with opportunities to order additional copies at a modest cost. 

Arthur H. Compton, a Nobel Prize winner in physics and a 
leader among eciucational administrators as well, expressed the 
motivation of the scientific community for participating in and 
endorsing this project: 
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What I want especially to stress is the fact that greatly 
increased emphasis* on science is a "must" for our nation's 
safety and future welfare. If a vise course is followed 
with regard to recruitment, training, and' in other support 
of science, our nation is in a favorable position to lead 
the world in the scientific age that lies ahead (62:337), 

During the period of the war there were opportunities only for 
science education leaders to meet either in a greatly reduced type 
of convention or in the production of materials for use in the schools 
as a part of pre-induction training. The tensions resulting from 
the emphasis on individual and societal needs while scientists de- 
plored the weakening of science courses were well known to them. In 
their own minds both the scientific nature of* the courses and adap- 
tations to needs of all students, including science talented students, 
must go hand in hand. The American Council of Science Teachers, 
then the Department of Science Instruction of NEA, and the American 
Science Teachers Association, the affiliate of the AAAS, merged into 
the National Science Teachers Association (NSTA) , In the future 
the conventions, the journal, the special publications, and the other 
activities were to give emphasis both to solid science and to the best 
in instructional practices (40), 

Early in 19^ this new NSTA was asked by the United States 
Department of State to develop a report on science teaching in the 
United States.* This was to serve as an aid to nations of the world 
in their rehabilitation of science and mathematics. The Cooperative 
Committee on Science and Mathematics Instruction of "AAAS with repre- 
sentatives from the major scientific and mathematical societies 
gave major assistance to this project. The report gave outlines of 
science and mathematics courses, it described school facilities, it. 
listed the supplies and equipment, and it discussed instructional 
practices. The report included the elementary school level, the 
secondary school years, and the undergraduate college offerings. 
The following statement appears in the introductory part of the 
report: 

In practice, the preparation of specialists has had the 
first claim on the attention of teachers. Science in- 
struction "for all" has been less well done, in spite of 
the American ideal of "education for all%" The contri- 
butions of, science to the thought pattern of the citizen 
has been enormously accelerated by the war. There is, 
therefore, a need for increased emphasis on science edu- 
cation for all (46:7). 

Several thousand copies of the report of 186 pages were dis- 
tributed abroad in 1947 through the cooperation of the Preparatory 
Commission of the United Nations Educational, Scientific, and 
Cultural Organization (UNESCO). 
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Vannevar Bush, director of the Office of Scientific Research 
and Development, had been requested by President Roosevelt to 
develop a report with recommendations for strengthening the overall 
scientific enterprise of the nation. He reported in 1945 and among 
the recommendations were the following: 

It is my judgment that the national interest in scientific 
research and scientific education caiv best be promoted by 
the creation of a National Research Foundation (3:28). 

The Foundation here proposed has been described only in 
outline. The excellent reports of the committees which 
studied, these matters are attached as appendices. They 
will be of aid in furnishing detailed suggestions. 

Legislation is necessary. It should be drafted with 
great care. Early action is imperative, howe^veir, if 'this 
nation is to meet the challenge of science and fully 
utilize the potentialities of science. On the wisdom 
with which we bring science to bear against the problems 
of the coming years depends in large measure our future 
as a nation (3:34). 

This report and the appendices developed by special committees 
were studied. ^They formed the bases for further recommendations. 
Of special significance were the recommendations developed under 
John R. Steelman, chairman of the President's Scientific Research 
Board in 1946. Five volumes were devoted to a discussion of various 
facets of the scientific personnel problem. Volume One bearing the 
title A Program for the Nation stated their key recommendation as 
follows : 

It is, therefore, recommended that the Congress be urged 
to establish at its next session a National Science Founda- 
tion within the Executive, Office of the President and that 
the Foundation be authorized to spend $50 million in sup- 
port of basic research its first year, with increasing 
amounts ffiereafter rising to an annual rate of at least 
$250 million by 1957. No restrictions should be placed 
upon the fields of inquiry eligible for support (54:31). 

Also ii) this report we find the following statement which was 
of special significance to high school science teachers: 

Our scientific strength depends neither solely upon our 
present supply of scientists, nor upon those students 
now being trained. It depends ultimately upon a steady 
flow of able students into our colleges and universities 
(54:35). 
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Volume Four was devoted to personnel for research* The causes 
of the severe shortage of ' scientists and engineers were given. The 
need for additional personnel was presented by statistical tables, 
graphs, and statements • Appendix II to this report was developed 
by the Cooperative Committee on the Teaching of Science and Mathe- 
matics* The major organizations of science teachers were repre- 
sented on this committee and participated in the development of 
the material. It encompassed the elementary, secondary, and collegi- 
ate levels and treated both the sciences and mathematics; it provided 
an appraisal and a series of recommendations. It was an important 
opportunity and a great challenge for the committee. 

The dual responsibility of insuring that^we have (1) enouglf 
competent scientists to do whatever job may be ahead and 
(2) a .voting public that understands and supports the sci-, 
entists' role in ^-defense and in the design for better liv- 
ing, rest heavily upon the Nation and all m^ of science 
in these fateful days'. 

To this committee has been assigned the sobering task 
of making recommendations looking toward the creation of 
a corps of effective research scientists and of discerning 
science educators. The crucial task of the education of 
the general public in the nature and function of science 
in the world of tomorrow looms in the background through- 
out this study, though it appears overtly at only a few 
points (53:57) • 

The 'recommendations wer*e arranged under immediate action and 
long range solutions. Immediate action proposals included federal 
subsistence scholarships for the scientifically gifted, postgraduate 
fellowships, and in-service training v;orkshops for teachers. In- 
cluded in the major recommendation was the provision of science 
and mathematics supervisors throughout the nation. Long range 
recommendations inclu^ded curriculum revision, help to identify the 
talented, the provision of improved guidance procedures, and a 
clearinghouse for information on research facilities and research 
staff for help in the guidance and placement of the talented students. 

The appendix ^went on to indicate the weaknesses of science^ 
and mathematics instruction at all levels. These included the 
proper and effective sequencing of the instruction, the inadequate 
placement of concepts, the limited opportunity to study the physical 
sciences, the lack of interest among students in seeking careers 
based on science and mathematics, a lack of identification and en- 
couragement of the talented, and the serious needs for an expansion 
of instructional facilities and staff. Special attention was 
directed at the need for improved preservice and in-service prepa- 
ration of teachers • 
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There was no general agreement on what would be the best way 
to provide a suicable education for those who would go on and seek 
careers in science and mathematics. Attention to individual and 
societal needs so prominent during the depression years were still 
common at gh school levels and were attracting staff at college 
levels. The case was made for generalized science courses such as 
general biology and general physical science or even broader inte- 
grations crossing subject matter lines and producing a core curricu- 
lum. Powers and Fitzpatr^jk had a chapter on secondary school 
science in a publication devoted to generalized science courses at 
the- college level. They stated the key question as follows: 

At fir3t thought, it might be' concluded that the recom- 
mendations of general education and the- need for scien- 
tific manpower are hopelessly opposed/ yet in 'practice 
such is not necessarily "the case. Actually, many leaders 
of scientific thought- and action assert that the success- 
ful specialist must have a broad understanding of modern 
culture, including the interrelationships of the various 
sciences, upon which to rear the superstructure of his 
speciality, and it is insisted that progress in science 
will be advanced as the general public gains in under- 
stanaing of science and'its 'potentialities. So we return 
again to 'the key question as to when specialization should 
begin, and its corrollary which concerns whether or not 
this should be a^ the same maturity level in the case of 
all individuals who can hope to carry on advanced studies 
with profit (31:368), 

Other leaders in science and in science education saw a need 
for a broad foundation but they also saw the need for specialization. 

But specialization must be built on a broad foundation. 
The implications for the educacion of potential leaders 
in the sciences and their application are clear; their 
study of mathematics* and the basic, sciences must be 
extensive; and it must start early, for they will need 
their later college and post-college years for profes- 
sional training and other kinds of specialized work 
(44:8). 

One critical problem in many high schools was the fact that 
the needs must be recognized in the one school and often in the 
same class. Certainly individual and societal needs could not be 
ignored. There must also be appropriate attention given to the 
students who had the potential to become the productive scientists 
and engineers of the future. This was the general condition and 
the dilemma as we appro.ached the 1950 mid-century. 
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IN CONCLUSION 



This chapter has presented some major changes in' science edu- 
cation during the 1850 to 1950 period. Many other changes were 
considered for majoi attention. One characteristic of a major change 
was its persistence after' its introduction. Here the individuali-' 
zation of instruction was eliminated because it did not seem to 
capture the imagination of science teachers or school leaders al- 
though it was used during the depression years as a way to accoirjno- 
date varying interests and abilities. Unit organisation and mastery 
plans were eliminated for the same general reason. It is expected 
that other authors will see other major changes. The real test of 
the significance of a change will be to identify something in our 
schools akin to it. 

Whether the change was a desirable one or not was not at 
issue. It would have been almost impossible to determine such a 
factor. The author contends that we do see object study in 'our 
schools and we note it also as nature study, laboratory work^ field 
work, and projects. Certainly science teachers are sensitive to 
the opinions of their college colleagues and they seek their counsel. 
General science and.generpl biology, ar:: found in our schools and 
they represent important parts of the science program. Foundations 
have from time to time played an important role in the improvement 
of science instruction. The science courses are often organiz'ed 
around important, science concepts and science teachers plan to 
inculcate these meanings into their students. Schools and science 
teachers are concerned about the needs of students and the needs of 
society. What science teacher does not take special pride in the 
success of a student he or she taught and encouraged to seek a 
career based on the sciences. Are these influences desirable? The 
kinds of peopJe we have beyond 1950 and the nature of our American 
democracy in the years ahead will provide the evidence. 
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INTRODUCTIOiY 

The century in which we live has been givCdn a lot of names — 
The Scientific Age, The Atomic Age, The Space Age, and many others. 
Regardless of the name, science is a common element. It logically 
follows that the "science education*' 'of students in elementary and 
secondary schools has also been given much attention. The questions 

•lui.-^lJy -arise "Wiat have we done about science education?" and 
"what should we do about it?" During the first three-qi\arters of 
this century a great deal happened in science and in education that 
has influenced science education. During the first half of the 
current century more than a hundred committees looked at what was 
happening in the teaching of science and made recommendations (9). 
However, relatively little progress was made until after the first 
half of the century. During the 1950s progress in science educa- 
tion and in science was dramatically called to our attention by » 
the advent of the Russian sputnik. During this period a great 
many scientists and science teachers turned their attention to 
the problems of science teaching. 

In the mid-50s science teacher institutes were organized in 
many institutions of higher education for the expressed purpose 
of improving science teaching. Most of these were supported by 
the National Science Foundation (NSF) . The effectiveness of some 
of these institute programs has been documented in a number of 
reports (14, 21, 23). These programs continued through the 50s 
and 60s into the early 70s. While the institute programs were 
focusing on science teacher preparation, parallel attention largely 
during the 60s was given to the developinent of new curriculum mate- 
rials for teaching science. The development of both institute 
and curriculum materials was achieved through the cooperative 
efforts of scientists, science teachers, and other specialists in 
education. The curriculum development pattern included writing, 
try out, and evaluation. 
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Toward th • end of the 60s and, beginning 70s support for 
science teacher preparatio i and the develooment of new curriculum 
materials and the implementation of these materials waned consid- 
erably. There were a number of reasons for this lack of support 
but one unfortunate reason was the pressure put on the United States 
Congress by so-called Textbook Vigilantes-^ who wanted to impose 
their own views on science teachers as to what should and should 
not be taught. William V, Mayer provides an excellent documentation 
•of this situation at this time (13) • 

During this period and extending into the 70s atcempts were 
made to make science education relevant to the social issues of the 
day. These attempts met with varying degrees of success but obviously 
did not solve ♦:he social issues of the day. As a part of this situ- 
ation, or at least parallel to it, 'there developed in this country 
a kind of antiscience or anti- intellectual feeling on the part of 
many people • All of these factors plus a relatively high rate of 
unemployment for individuals highly trained in science now has 
resulted in a loss of interest in the part of many yo^ung people 
who might otherwise pursue science as a career. 

Teachers and other people characteristically jump on and off 
bandwagons. Recently many science educators have turned away from 
the nature and substance of science as it Is involved directly in 
the teaching of science and have focused their- attention on some 
of the more general aspects of education that often have had band- 
wagon appeal. These aspects have included pr'eoccupation with the 
development of behavioral objectives, competency-based programs, 
individualized instructional techniques, interaction analysis, 
modular instruction, flexible scheduling, *-eam teaching, teaching 
with TV and films, and others. All of these topics are important 
and many have and will go beyond a bandwagon appeal. However, 
before we turn too far away from science we should ask ourselves 
whether or not science plays the same role in our life today that 
it played 40 or 50 years ago. Note for example the "energy crisis" 
and the ''world food crisis," We should ask ourselves what role we 
may expect science to play in our lives tomorrow. 

During the end of the 60s and into the 70s we have seen 
scientists leave science to become science educators. Recently 
we have been seeing science educators leave science education to 



*This term was used by Gerald Piel who gave the banquet address 
at the 1976 annual convention of the National Science Teachers 
Association, The title of Piel's address was "Congress shall make 
no laws , . , ." He cited numerous details of ] '^islative attempts 
to influence or inhibit, science teaching. 
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become general practitioners in education and we are seeing some of 
the scientists who came into science education going back fulltime 
to science. Likewise some scienee educators are moving into edu- 
cational psychology. The situation is somewhat fluid and admittedly 
some people can work effectively in more than one area. On the 
other hand we do not need in science education those who really 
are pseudo-scientists or pseudo-psychologists. If we have a field 
of science education then we should have science educators and both 
the field and those who work In it should have unique enough char- 
acteristics to be defined and identified. 



THE NATURE OF SCIENCE, EDUCATION, 
AND SCIENCE EDUCATION 

Implicit within the preceding remarks has been the idea of a 
distinct "field" of science education. We have no trouble identify- 
ing the field of botany or the field of zoology although for a time 
there was some debate as to whether there existed a field of biology. 
Now the field of biology is accepted and fields of chemistry, physics,, 
astronomy, and geology are well established. Fields such as bio- 
physics, genetic engineering, forensi-:: medicine, and demography are 
also now established but were not heard of a few decades ago. 

Is thet'e a field of science education or is it merely two 
words together? There are people who do not use the words science 
education but rather refer to education in the sciences which 
obviously means something quite different. Science is defined in 
one dictionary as "the observation, identification, description, 
experimental investigation, and theoretical explanation of natural 
phenomena" (15). Science is defined similarly in other dictionaries. 
James Conant in Scienc and Common Sense defined science as follows. 

Science is an interconnecting series of conceptual schemes 
that have developed as a result of experimentation and 
observation and are fruitful of further experimentation 
and observation. 

Conant goes on to say, 

In this definition the emphasis is on the word "fruitful." 
Science is a speculative enterprise. The validity of a 
new idea and the significance of a new experimental find- 
ing are to be measured by the consequences — consequences 
in terms of other ideas and other experiments. Thus 
conceived, science is not a que?t for certainty; it is 
rather a quest which is successful only to the degree 
that it is continuous (7) . 
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American Heritage defines education as "the act or process of 
Imparting knowledge or skill, systematic instruction, teaching; 
obtaining of knowledge or skills through such a process, schooling; 
the knowledge or skill obtained or developed by such a process, 
learning; a program of instruction of a specific kind or level" (15) 
After checking several dictionaries, I did not find a definition of 
science education. ■ On the other hand, if there is a field of science 
education we should be able , to duiine it. Therefor^, with full aware- 
ness'of the risk involved, I propose the following operational defi-- 
nition of science education: 

Science education is a field of endeavor concerned with the 
teaching of science. Its substantive nature includes knowl- 
edge of (a) fundamental principles of certain related speci- 
^ fic disciplines in science^, (b) patterns and methods of 

science curriculum development, {c) instructional techniques 
,and procedures for science teaching, and (d) the psychology 
of learning. It emphasizes skills for specific teaching 
techniques and in a broader sense in human relations as veil 
'*as the personal characteristics of the teachers in terms of 
an inquiring mind, an attitude of open-mindedness, and under- 
standing of the scientific enterprise and the relationship 
of science and society, 

»• 

It is admitted that this is a broad definition and somewhat all encom- 
passing; however, it may serve as a basis for developing a more pre- 
cise definition which can be more definitive. 



If we accept science education as a field of endeavor concerned 
with the teaching of science then we should begin to look at the 
nature of the substantive components«of the field. A look at sci- 
ence is obviously beyond the scope of this chapter but it should be 
said that science is the central core of science education. It is 
in fact, the reason for its being — otherwise surely there is no 
science education. 

While the substance of specific science disciplines is beyond 
the scope of this discussion we should keep in mind here certain 
basic principles of science. In 1964 the National Science Teachers 
Association (NSTA) sponsored a conference of distinguished scientists 
to identify the basic principles of science. The result was a 
Publication called Theory Into Action. 

The principles or conceptual schemes identified were as 
follows : 

I. All matter is composed of units called fundamental 
particles; under certain conditions these particles 
can be transformed into energy and vice versa. 
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II. Matter exists in the form of units which can be classified 
into hierarchies of organizational levels. 

III. The behavior of matter in the universe can be described 
on a statistical basis. 

IV. Units of matter interact. The bases of all ordinary 
interactions are electromagnetic, gravitational, and 
nuclear forces . 

V. All interacting units of matter tend toward equilibrium 
states in which the energy content (enthalpy) is a 
minimum and the energy distribution (entropy) is most 
random. In the process of attaining equilibrium, energy 
transformations or matter transformations or matter- 
energy transformations occur. Nevertheless, the sum 
of energy and matter in the universe remains constant. 

VI. One of the forms of energy is the motion of units of 

matter. Such motion is responsible for heat and tempera- 
ture and for the states of matters solid, liquid and 
gaseous . 

VII. All matter exists in time and space and, since inter- 
actions occur among its units, matter is subject in 
some degree to changes with time. Such changes may 
occur at various rates and in various patterns (16). 

This list was not accepted universally by all scientists. It was 
consi'^C:red satisfactory as a basis for the physical sciences but 
inadequate for the biological sciences. Bentley Glass (8) among 
others reported his objections. In general I am in agreement with 
Glass. Neither I nor Glass disagree with the list so far as it 
goes and for the area it covers, but it is clearly incomplete. ^I 
was challenged to suggest additions to make a more complete list. 
In response, the following principles were suggested as possible 
additions. 

VIII. Matter that fotms a living organism, while not different 
in terms of the elements it. contains from nonliving 
matter, has unique characteristics in terms of the organi- 
zation of these elements that are more complete than non- 
living matter. It is the unique nature of this organi- 
zation that separates living from nonliving. A living 
organism is a highly organized aggregation of matter 
which within a limited environmental range can utilize 
relatively simple matter. The organism uses part of 
this matter in maintaining itself and reproducing its 
kind while the remainder supplies the energy necessary 
for all of these processes. 
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IX. As the organization of matter in living organisms becomes 
more complex, the interaction of matter within the organ- 
ism and between the organism and its environment becomes 
more complex — thus requiring an understanding of both the 
physical and the biological components of the phenomena 
of nature. The organism is not only a highly organized 
aggregation of matter in itself but is also a highly 
organized segment of its environment and depends upon 
the environment for all that it requires to maintain life. 

X. Organisms can survive and be active in only a limited 
range of the physical environment. If the environment 
changes, the organism must adapt to the change or cease 
living. 

XI. The environment around an organism is both physical and 
biological. Living organisms are not independent of 
one anoth:^r but influence one another's environment 
to a marked degree. The primary interrelationship 
among organisms are competition for energy from the 
environment and specific dependences of the organism 
upon others which in some cases may be mutual. 

XII. The most advanced and complex activity of an organism 
within its environment constitutes behavior. Under- 
standing the biological roots of behavior is one com- 
ponent of natural science. An extension of the study 
of behavior as a part of natural science brings it to 
the interface of the natural sciences, psychology, and 
the social^sciences . 

According to Joseph J. Schwab characteristics of new curriculum 
study materials in the 60s had their origin in the history of the 
American science textbook which he divides into three developmental 
phases relating to the state of science at the time, the goals of 
the high s-chool studenc, and changes in the size and nature of the 
student population (19). A study by William E. Brownson and Schwab 
was quoted as showing that more thar 50 percent of the authors of 
high school science textbooks available in 1915 were in the roster 
of American Men of Science while in 1955 less than 10 percent of 
the authors were in the roster (6). The third phase of textbook 
development involved the cooperation of scientists, teachers, and 
other educators. In other words the textbooks represented the work 
of groups of authors rather than a single author. There were many 
advantageous results of this situation. One was that the Textbook 
Vigilantes had less influence on groups than they often had on 
on commercial publishers. The pattern and results of curricu-^um 
development that emerged during the 60s has been very successful. 
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The influence or impact cf this development on subsequent science 
teaching and textbook preparation has been obvious in the field of 
science education as well as in ocher areas ♦ 

The textbook has always been central to curriculum develop- 
ment. It also influences teaching strategies. Any extensive dis- 
cussion of this topic is obviously a textbook for science education 
instruction in a science teacher education program. A number of 
such textbooks are available and are useful to the science teacher 
and the science educator. Let us now look briefly at some teaching 
strategies that have been developed and used in science education. 

Ernest Nagel, one of tiie participants of the 1964 NSTA Con- 
ference, preparcid a list of major items in the process of science 
which was published in Theory Into Action (16). His list is as 
follows : 

I. Science proceeds on the assumption, based on centuries of 
experience, that the universe is not capricious. 

II. Scientific knowledge is based on observations of samples 
of matter that are accessible to public investigation in 
contrast to purely private inspection. 
III. Science proceeds in a piecemeal manner, even though it 
also aims at achieving a systematic and comprehensive 
understanding of various sectors or aspects of nature. 

IV. Science is not, and will probably never be, a finished 
enterprise, and there remains very much more to be dis- 
covered about how things in the universe behave and how 
they are interrelated. 
V. Measurement is an important feature of most branches of 
modern science because the formulation as well as the 
establishment of laws are facilitated through the develop- 
ment of quantitative distinctions. 

This list and others 'have sparked considerable interest in and 
emphasis on the processes of science as an important component of 
science teaching (2). Emphasis on the-! processes of s'^ience in 
teaching science has led to the development of inquiry teaching^ 
strategies. Th'^se were introduced during the early 60s primarily 
by Schwab (20). Schwab and others extended this work considerably 
in the early days of the development of curriculum materials by 
the Biological Sciences Curriculum Study (BSCS). The technique was 
used in the "invitations to enquiry" which are presented in detail 
in the BSCS Biology Teachers^ Handbook (10, 19). 

Evelyn Klinckmann devotes a section of the^ second edition of 
the BSCS Biology Teachers^ Handbook tn the teaching of biology with 
specific information and analysis of a number of other teaching 
strategies which are as applicable in most other sciences and other 
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subjects as in biology (10) • In section three of the handbook there 
are excellent discussions of teaching strategies and styles, dis- 
cussions, readinj^s, evaluations, field trips, and use of visual aids. 

Some new and modified teaching strategies were developed along 
with the new curriculum materials that were developed during the 60s, 
These strategies not only were u^ed by science teachers in the United 
States but by many science teachers in many other parts of the world • 
For example, a repor.t by UNESCO advisers an. consultants for the 
Institute for the Promotion of Teaching Science and Technolof,y in 
Thailand includes a section of the role of inquiry in teaching the 
sciences (22), Included in this' document is Table 1, page 16l, 
illustrating a range of teaching styles and the involvement of stu- 
dents when such teaching styles were employ ed« 

Although we have heard much about the teaching of science using 
inquiry techniques during the past decade or so, it should be recog- 
nized that teaching style is an individual maf:i-er and that any teacher 
will usually use more than one style during the instructional process 
in a given course. What needs to be emphasized and understood here 
is'^that the successful teacher will select and use a variety of 
teaching styles designed to be compatible with the nature of the 
students, with the school conditions, with the level and sophisti- 
cation of the subject matter being studied, and the personal commit- 
ments of the teacher. In a very general way one might describe a 
good teaching situation as one in which a suitable blend of teaching 
styles is utilized to facilitate learning by the student. 

Although usually considered in the context of evaluation (and 
with justification) the use of tests properly can be called a teach- 
ing strategy. The development of objectives, and tests to measure 
whether or not they are achieved, is fundamental in teaching science 
or any other subject. This observation takes on added importance 
when we realize the extent to which tests control what is taught. 
The following exchange is often typical and illustrative: "Teach, 
will we be asked that on the test?" If the teacher says "yes" the 
students o.ften will learn that (mostly rote learning), If^ the 
teacher says "no" the students usually will not bother to learn 
that. Furthermore, if the tests that are used only test recall 
then the students' learning likely will not go beyond this cognitive 
level. If the tests are well-designed with a suitable balance which 
includes higher cot,aitive level questions, more meaningful learning 
can be expected, 

A number of the curriculum studies of the 60s included tests 
and booklets with pools of questions with a mixture of examples 
.representing different cognitive levels. For example, BSCS has 
developed a Resource Book of Test Items for each of the three texts — 
blue, yellow, and green versions (3, 4, 5) — and earlier a book 




Table 1* 

V 

Spectrum of Teaching Styles Showing Increased Student Contribution * 
vith Inquiry Method of Teaching 



Teaching Style Examples 



Student Contribution 



9. Problem-centered activities. 
Define problem and variables. 
Formulate hypothesis. 
Design experiment. 
Test hypothesis. 

8. Experiments ^with set methods 
which lead to open-ended out- 
comes and hypothesis formu- 
lation. 

7. Student-designed experiments 
to test hjrpo thesis. 

6. E.xperiment with set methods 
to test hypothesis. Students 
^sked tc find answers 1 
"key questions" asked. 

5. Teacher demonstration as 
focus for inquiry 
questioning. 

4. Data provided: Students 
guided to iriterpretatiou* 

3. Lecturing with some 
inquiry questioning. 

2. Experiments, set mechods 
and obser^^'ations with 
prescribed results. 

1. Traditional lecturing. 
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Testing and Evaluating Student Suooeso with Laboratory Blocks (12), 
Science *:earhers have long known that the interpretation of results 
from ach '.-v'ement tests in a given science course can be no better 
than the effectiveness or appropriateness of th'^ test used to gain 
the achievement information • In othnr words, w^-, - we do is important 
and how we do it ±3 important. However, the results from either of 
these activities is related to wha;t we stc^rt out to do. If we 
design a test and include a large number of questions concerning 
trivial material (usually because it is easy to '^test"), if we 
administer the test properly and score the test properly, then we 
would get precise results; but the precise results will be measure- 
ments of trivia and, therefore, of litcie consequence as a teaching 
strategy. The design and use of tests may be one of the most under- 
rated skills and undertaught skills in teacher education programs. 

As a component of science education th^details of learning 
theory, like science, are also beyond the scope of this chapter. 
However, if science educators are not familiar with the ideas of 
B. F. Skinner, Jerome Bruner, Robert Gagne, Jean Piaget, and David 
Ausubel, they should at least know their reputations, Joseph D, 
Novak has pointed out that learning theory indicates that concept 
learning should be the f ^cus of attention relative to the develop- 
ment of curriculum and instruction progra\ns (18). Thus, teaching 
strategies and learning processes are necessarily interrelated, 

RESEARCH AND DI^VELOPMENT 
IN SCIENCE EDUCATION 

One of the characteristics of any established discipline is the 
^xtent to which its practitioners have developed a body jf research, 
in science education we have a fairly large body of research but 
the quality and usefulness of much of it is debatable, A great de 
of the boay cf research in science education is contr'< ictory or 
represents comparisons with no uniform basis. Succe sful teaching 
does not require uniform procedures. It has been noted earlier 
that teaching involves use of a variety of teaching styles desxgned 
CO be compatible v/ith the nature of the students, with the school 
conditions, with the level and sophistication of the subject, and 
the personal commicments of the teacher. Thus, it is easy to see 
why the results of teaching in one situation are not transferable 
to another. 

On the other hand, if one com})ares recent research in science 
educatioijr with that done a decade or so ago it is clear that we 
have made a great deal of progress. We also have some obvious 
shortcomings. In general we have learned to write research papers 
clearly. We have learned how to design some experiments reasonably 
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well* We have learned how to select and use appropriate statistics. 
However, we have not done as well in the selection of useful or 
researchable problems. 

In science education, it is probably more appropriate to con- 
sider a body of research and development. In science curriculum 
development, at least we have provided the teacher^^ith many useful 
science teaching materials*. The point has already been made that 
during the 1960s a number of specific new curriculum materials in 
many of the individual sciences were developed. These materials 
have made a considerable impact on science education — not only in 
the teaching of science but also in the development of additional 
new and different curriculum materials developed by the private 
sector as well as with government support* The point to be made 
here, however, is that these materials should constitute "working 
papers'' for research and additional development; and thus they 
suggest one role of major importance for the evolving field of 
science education (11). In this process we should be involved 
with discovering new ways of transmittrng both new and old scientific 
knowledge to students and to the public at large. This process will 
involve first the identification of the most important information 
and ideas in scienca at any given time and then the development of 
appropriate ways to communicate, adapt, and install such informa- 
tion ^nd ideas in the schools. 

It should be noted that while work is being done in the field 
or educat-ional psvi^hology and at the rame time new curriculum 
materials are being prepared, there is relatively little interchange 
of knowledge from one area to the other. Research in science edu- 
cation ought to help bridge the gap between these two efforts* 
Research in science education should involve the implications of 
educational psychology research for curriculum development and like- 
wise should use new curriculum developmencc as workitig papers from 
which to identify and characterize materials and techniques that 
could be used to p*:ructure teaching programs for optimum effective- 
ness. Similarly, the identification and aoplication of factors 
involved in evaluation of curriculum materials should be included 
in science education research (11). 

One of the areas in educational psychology that is particularly 
important for research in science education is the development and 
use of data gathering instruments. These include not only instru- 
ments for testing but also for other kinds of evaluation. It must 
be recognized that no research in science education ^can be any better 
than the tests or information gathering instruments that are used 
for the study. We need to recognize that it is not practical under 
* most circumstances to prove that Class A is better than Class B or 
that Method A is better than Method B or tha^ Teacher A is better 
than Teacher B. What we can do, however, is to set up appropriate 
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standards fcr the individual situations and determine the extent to 
whi^.h a given class, program, or teacher measures up to that standard. 
But wi need appropriate instruments to make these determinaLions, 

One of the obvious differences between research in science and 
research in education is that in science it is easier to control the 
variables than it is in science education research. One result of 
this situation is that in education we have resorted to more and 
more sophisticated statistical techniques to help deal with the 
uncertainty in our data. However, it must be recognized that sloppy 
or unreliable data cannot be made more acceptable through statistical 
analysis alone. We must recognize that no matter hov7 appropriate 
or how sophisticated the statistical analysis may be, the research 
results are no better than the idea or the problem that is being 
investigated. If one investigates a trivial problem the results 
are going to be trivial regardless of the statistics used. We must 
start with ideas or problems that are meaningful, important, and 
" .searchable and use suitable techniques^ materials., and in^'truments 
to research the probl'em, 

Incidontly, another difference ^^etween research in science and 
research in science education is the availability of sophisticated 
and precise measuring instruments to be used in research in science. 
Although we now have many suitable techniques and materials for 
research in science and science, education, we will continually need 
to develop new ones in both science and science education. In the 
field of science education we may need to rely on help from the 
educational psychologist or at least the foundation they have pro- 
vided for the development cf data gathering instruments. 

In some ways research in science education parallels research 
in science. In terms of the major factors involved both may include 

1, Identifying a problem, 

2, Formulating of one or more hypotheses, 

3, Designing a study, 

4, Carrying out the study, 

5, Interpreting the data or findings, 

6, Synthesizing knowledge from the research. 

The relationship of these factors is not always linear and all 
may not be explicitly shown in the publication of the research. 
These characteristics are reasonably true of both research in sci- 
ence and science educat5,on, Howeve^, they differ considerably in 
the following ways. As said earlie^ , in doing research in science 
we can usually control the variables in a much more effective way 
than in research i science education. We can manipulate the 
population or sample much more extensively in science research 
compa"*" with science education research. We have more sop>^"^ sticated 




and accurate instruments to gather data and information in science 
than in science education^ In science education we need to recog- 
nize these similarities and differences and, in particular, develop 
and explore new possibilities for controlling variables and for 
creating new and improved information gathering instruments^ 

THE FUTURE^ OF SCIENCE EDUCATION 

What does the future hold for the field of science education? 
A curr, -It look at science education reveals that after a number of 
years of fairly rapid growth a plateau has been reached.^ It seems 
likely that science education will remain on this plateau for several 
years. It has resulted from a decrease in in-service science educa- 
tion, a decrease in the support for curriculum development, the 
anti-intellectualism attitude on the part of the public, and various 
problems in the economic and political sector. The public has become 
more critical of education and less willing to support many aspects 
of the educational enterprise including science education. It seems 
likely that we will remain or a plateau or at lea^t have only a 
period of slow growth' for some time to come. Even so, the future 
outlook is promising and the s.low growth period may be more solid 
than the rapid growth one. We must learn to live with slow growth 
and adapt to it. Certainly one of the things we have learned in a 
study of evolution is that an organism must adapt to its environ- 
ment or face extinction. We cannot replay old solutions — we must 
come up will new ones. For example, if we c;?nnot get federal support 
for in-service training of science teachers perhap.s we can get support 
A.rom local schools or the private^ sector, although likely at a level 
less than that previously obtained from the federal government. 
Science ceacning and the scientific enterprise is too important in 
the United States and other parts of the world for us to eliminate 
our innovative efforts to continue to impro^^e science e^ducation. 

What is the future environment in science edur ation to vhich 
we must adapt or become extinct? It seems likely that in spite of 
certain specific criticisms the influence of social issues on sci- 
ence teaching will remain. So will the demand for accountability 
and the need co develop ways of determining accountability. The 
activities of science teachers in professional organizatic*is seem 
likely to continue although an adjustment period may slow activities 
for awhile. The influence of teacher unions appears to be increasing 
and some adaptation to the considerably different way of life for 
union members compared with the teachers' way if liie before involve- 
ment with unions will be required. 

Although decline in interest for some programs and teaching 
strategies can be expected, a number of the innovations of the 60s 
are here to stay but with appropriate updating and modif icattors. 



Curriculum development must not b.e allowed to become static. Cur- 
riculum development is never finished. It would be most unfortunate 
if a^ter the successes of the 60s the scientists, science educators, 
and teachers packed their bags and went home. Both content and 
process have now been recognized as fundamental in science instruc- 
tion — we cannot successfully teach one without the other. However, 
content must be constantly updated in terms of our current knowledge 
and social needs arid we must constantly involve the processes of 
science in new ways if we are to expect maximum achievement in 
science teaching. 

~ In a^' recent" issue of the Newsletter of the Natioml Association 
for Research in Sci^y(/:^e Teaching y ,the association president, Ronald 
D. Anderson, said: 

Implicit in the efforts of scholars in an applied field 
such as science education is the assumption that the re- 
sults of their scholarship will influence educational 
practice. The expectation that change will occur is one 
of the motivations of the science education researcher. 
Optimism that such research-basea changes are occurring 
today, however, does not seem to ba particularly high. 
Evidence that research is influencing practice in science 
education is not abundant (1). 

Anderson contends that this situation is because "scholars in the 
field of science education are not providing the broad conceptual 
framework needed as a rationale for classroom practice." He sug- 
gests further that the development of curric 'luia materials has 
often been based on a "particular assumption about the nature of 
science, the relationship between cognitive and affective learning, 
societal needs, or some similar matter" and not on empirically- 
based research. These are interesting ideas and may serve to guide 
future research in scieui-e education. On the other hand, it might 
be argued that curriculum development during the pact decade or 
longer may welL have had a greater influence on educational practice 
tvian the research that has been carried out during the same period. 

Joseph D. Novak feels that new developments in cognitive 
learning theory could fuel a nev; boom to curriculum' development, a 
cycle of improvement that can have even more impact on science 
teaching than that of the cuiriculum developments of the 60s (17). 
It may be that some of the research Anderson calls for could con- 
tribute to new developments in cognitive learning theory and thus 
provide a basis for new or better curriculum development. It is 
to be expected that the future of science education will include 
emphasi'i on both curriculum development and research. 
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The science educator clearly has an important role in the 
future. The science educator need not be a pseudo-scientist or a 
pseudo-psychologist but shouli^ have a working knowledge of both 
fields to carve an appropriate place in the broad spectrum of edu- 
cation by concentration on the teaching of science including the 
continued development of new curriculum materials, teaching strate- 
gies, and research relating to both. We should realize that working 
with young minds in the science classroom and laboratory may be just 
SiS important and exciting as discovery and inv\ ion in the science 
::esearch laboratory. Because of its influence on the science careers 
of many young people and, more generally, on the scientific literacy 
of the pubj-ic, its importance to this country and the rest of the 
world cannot be overestimated. 
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of Science. He was elected a fellow of the AAAS and served 
as secretary-treasurer of UARST from 1971 until 1973, as 
president of NSTA in 1950-51, and as president of AETS in 
1965-66. 

In addition to his teaching duties in physics and science educa- 
tic: at Purdue University, Mr. Lefler has been an active leader 
in physics education. He served as a consultant to the Indiana 
State Superintendent of Public Instruction for 20 y^-^ars. He 
developed the Physics Teacher Workshop at Purdue University, 
which served as a valuable and unique resource for Indiana 
physics teachers, /^r. Lefler also directed numerous HSF summer 
institutes for physics teachers between 1960 and 1971. he also 
worked as physios adviser in Taiwan from 1957 until 195b cvl a 
project for the improvement of engineering education. 

Mr. Lefler has written nwnerous articles during his career which 
have appeared in education and science education journals. In 
addition he has authored or coauthored secondary physics educa- 
tion materials. 

His service to science education has been acknowledged. is work 
with Chen Kung University, Tainan, Taiwan, was recognizea with an 
Outstanding Service Award from the Deans and Department Heads of 
the University. He was awarded a Citation for Distinguished Ser- 
vice bij the AAPT in 1970 and in 1976 the NSTA presented him with 
the Ronert H. Carleton Award f or leadership in science education. 
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A BACKIVAI^ LOOK ITIROUQl TRIFOOVLS 
RALPH LEFLER 

Professor Emeritus of Physics and Education 

Purdue University 

West Lafayette^ Indiana 



In that which I will present here, I have taken a backward 
glance at some of what transpired during my teaching career which 
began in 1920 and extended to August, 1971, This is to give insight 
as to how things were. I shall usually leave it to the reader to 
note and evaluate the changes which have taken place, I (believe 
the future to be in good hands and will neither make predictions nor 
suggestions. ' 

I was raised on a farm in Indiana. My parents were hardworking, 
f rug^il" pTeople" d edica t e'dT—among" "b th eT~£hTngsV~to~Elie~e duca t ion 'o f~ ~ 
their sons. I attended an eight-grade, one-room school^ with but 
one teacher during any one year. During the eight terms I had a 
total of six teachers, ka indication as to their tenure'; so far as 
I know none were forced to leave. I either heard or participated 
in the recitations of each class at each grade level eight times. 
This was a graded school which might now be called an ppen school. 
The subjects taught, texts used, and final examinations at each 
grade level were determined at state and county levelJ The 
final examinations for ea6h year were graded by the teacher. At 
the end of the eight years I passed a comprehensive 8ch grade 
examination, prepared at state level and offered and graded by the 
county superintendent of schools, and was graduated. 

The teachers were good, earnest people who had had the equiv- 
alent of a high school education and 12 weeks to a year of study 
in a nprmal school. They were licensed as a result of having passed 
a state elementary school teacher's examination offered at intervals 
by the bounty superintendent. 

Physiology and geography were the only science related subjects 
taught and these were descriptive. 

Following grade school I attended a rural township high school 
which offered a minimum basic curriculum that included English, 
foreign language, history, mathematics, and science. There were 
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few electives. My interest in physics grew out of a one-year study 
of the subject, the only science other than general science offered 
during the years that I attended high school. I am" certain thi^ 
our teacher had never had a college course in physics but- ho was an 
intelligent person who could give us some insight into the subject. 
There were no demonstrations and no laboratory work. Our equipment 
consisted of a meter stick and a candle. However, -^y interest in 
physics was bom in thic class. 

My first 12 years of school would seem very inadequate when 
viewed in the light of the offering today with broader curriculum, 
marvelous teaching aids, and well-prepared teachers, Actiially I 
do not consider it to have been inadequate, just very different, 
however lacking it might be from the ^^chools today. Discipline was 
good. Students took their assignments seriously. All my teachers 
were dedicated, although they were not menibers of professional 
organizations nor did they have professional journals. Professional 
meetings were limited to county institutes, with meetings limited to ^ 
three to five days per year. There were few diversions. 

Students in those years might not have been able to pass* some 
of the examinations regularly offered students today, however the 
world and society were much less complicated, I have grown into 
our present world gradually whereas students today are dumped into 
it with a sudden jolt. 

Library facilities were nearly inaccessible to farm families. 
We had a few books in the home, one on natural history that my 
mother had studied and two periodicals, the Pathfi'ddeVy a weekly 
news magazine, and a daily county newspaper. In the grade school 
our only library consisted of a dozen books supplied by the state 
when I was in the 7th grade. I do not recall having found anything 
of interest in the minimum library at the high school. 

Communication was slow". The newspaper came one to two day?? 
late by nail carrier. Long distance telephone was used only f(^:L 
dire emergencies. We did not have radio until I built a three tube 
set in 1922. My chief conveyance up to 1920 was a horse and buggy, 
although my father had purchased an automobile in 1912. 

In the summer of 1920 and in the following summers of 1921 and 
1922 I attended Manchester College. Although I studied the so- 
called normal school courses intended for those who were teaching 
in the elementary schools, the work transferred later to serve as 
the equivalent of the freshman year of work toward the B.A. degree. 

In the fall of 1920 at age 18, with a high school diploma, 
12 weeks of college work, and a one year elementary school license 
obtained by examination, I taught in a one-room, eight-grade school. 
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I taught as I had been taught. No one complained and those students 
who are still around are friendly. Following two added years of 
teaching grades 5 through 8, and the two summers of college work 
mentioned earlier, I entered Indiana University. At the end of four 
years I had completed my master's degree and was licensed to teach 
physics and mathematics at the high school level. My courses in 
education included one in physics methods taught by a physics pro- 
fessor who knew the *'tricks of the trade." He taught me how to 
replace the gold leaves on an electroscope as well as some of the 
subtle characteristics which are the attributes of good instruction. 
He was himself a good teacher whom I attempted to emulate. I do 
not recall the other education courses as having been stimulating. 
The physics and matliemf'tics courses were well (;aught, however the 
mathematics was usually taught as a tool which was a convenience to 
a student of physics. 

My master's degree work was completed in a year and a summer 
and taken entirely in physics. Courses at ^oth the graduate and 
undergraduate level were in classical physics with but one exception- 
a course offered in the summer of 1926 in modern physics. A thesis 
based on experimental work was required. 

In the fall of 1927 I began teaching physics in a high school 
and junior college in Illinois. This hi^ school was at that time 
a college preparatory school. Not until the depression -years did 
we enroll a large percentage of the high school age group. When 
this happened oux enrollment more than doubled and our faculty .was 
absolutely jolted into developing a curriculum for all in the age 
group. Programs were designed for those who would not go to college 
but this did not affect the physics which consisted of a study of 
the basic principles in a theoretical way. Physics continued to 
be a college preparatory course. 

V 

In my early years of teaching, the .laboratory work was largely 
cookbook style. The course had one merit — emphasis was on under- 
standing so that ideas could be expressed in the student's own 
words and problems solved by the proces*=^ of thinking that would 
have been necessary to develop the formulas so often plugged into 
by students in the solution of physics problems. Memorization of ^ 
laws and plugging into formulas for the solution of problems was 
not the* order of the day. 

In June, 1947, I published an article entitled "The Teaching 
of Laboratory Work in High School Physics" in School Science and 
Mathematics (3) . This outlines the evolution in laboratory teaching 
which took place during my 16 years of teaching physics in the high 
school. Starting with the cookbook, the laboratory eventually 
evolved into one in which students selected problems related to 
their course vork for investigation. 
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Throughor the period 1927-1943 the junior collefe in which I 
taught offered the first two years of a four-year academic program. 
At the end of two years* study students transferred to a four-year' 
college^ or university or terminated with stn associate degree. No 
two-year programs of study designed as preparation for en.ployment^ 
had been developed, ^ 

During these years the physics laboratory was usually open 
for two hpurs after school for students to do independent study 
using the library^ apparatus, and facilities resource of the 
laboratory and the counsel of the teacher, I have often said that 
my best teaching was done after the end of the school day although 
I fully recognize that this was based on the foundation ^established 
by tlie more formal study. Students were also permitted to take 
^apparatus and supplies home for use in their^ndividual investi- 
gations, the requirement being that they must exhibit proficiency 
dn the use of the apparatus taken on library loan. 

In 1943 I joined .thf physics department at Purdue University 
as a physics ducator. Although I taught sections of physics for 
engineering and science students my chief interest was in the 
preparation of teachers of physics for the secondary schools arid 
in working with practic-^'ng teach^-rs as a science counselor. One 
of my first^assignments was to aid in the preparation of an Outline 
for the Teaching of Applied Physics in Indiana High Schools (4). 
This was published and distributed to all Indiana high schools by 
the state superintendent of public instruction. It emphasized a 
logical approach to the presentation and t:,e* use of demonstrations 
with simple equipment to supplemont the meager laboratories in the 
schools , " > • ^ 

Shortly after coming to Purdue I was given a joint appointment 
in' the departments of pliysics and education, ^ This was^done out of 
a feeling"^ by the administrators of the departments that each subject 
matter department should make an active contribution to the prepa- 
ration of teachers in each academic areai While 1 was the ^first 
to be so appointed > there are now those in each academic area where 
courses are taught at the secondary level who hold joint appoint- 
ments and who are responsible 'for the teaching of the methods 
courses and for jhe sui>ervrsion of the student teachers. .The joint 
appointment was also the result of a feeling in both the subject 
matter and education departments that those who served as school 
counselors or otherwise had contact with the schools should repre- 
senj: both interests. 

Interest in the certification of teachers of 'science at the 
secondary lev^l began in the early 1940s with th'*; work of K. Lark- 
Horovitz who was then head of the department of physics at Purdue, 
This interest spread to national concern while he served as chairman 
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of the Cooperative Committee on the Teaching of Science and Mathe- 
matics. The committee in a report published in School Soienaa and 
Mathmatios in February, 19^6, entitled "The Preparation of High 
School Science and Mathematics , Teachers recommended that one-half 
of the work leading to the baccalaureate degree to be in the academic 
areas- in which the teacher would work, as for example, physics and 
mathematics (2). They further recommended that one-third of the 
iequirement for the degree be in general ediication, and that the 
professional work, including student teaching, be limited to one- 
sixth of the course requirement. This ej.rly recommendation was 
further supported by the 1961 publication of Guidelines fov 
Freparatioyi Programs of I'eaohers of Secondary School Science and 
Mathematics (1), a set of recommendations of the National Associa*- Dn 
of State Directors of Teacher Education and Certification Prograr 
and the American Association for the Advancement of Science ' * /. 
Tlieir recommendations became the established certification reqjtre- " 
ment lor states such as Indiana where a 40 semester-hour major and 
24 semester-hour nlinor were required in subject preparation. The 
professional education requirement was 18 semester hours. The 
remainder of the requirement for the bachelor's degree was in 
general education. 

This recommendation stood from the mid-forties to the early 
seventies when it was severely challenged by those who felt that 
more time should be given to how r.o teach and less in the develop- 
ment of a basic competence in the subjects to be taught. It is 
probably weld that I had retired before this moven^ant got a good 
h'- rt for I would have contested it' vigorously as I am sure many 
did. As I see it a Leacher must be comfortable in his knowledge 
of the academic area in which he is working in order to give con- 
structive attention to his . teaching procedure. He must know what 
he V7ants to do before he can determine how to do it. 

I am pleased that it was my privilege to serve with and 
participate in the work of the Cooperative Committee during most 
of its ap^roxiuiately 30 years of activity. 

I had the privilege to work as physics (science) counselor 
in Indiana schools serving both Purdue and the Indiana Department' 
of Public Instruction from the 40s until this activity was phased 
out in the 60s due to restrictions on travel and also Ave to the 
consolidation of schools. As a counselor I worked with both 
teachers and administrators on interests related to teaching con- 
tent and method, on planning facilities, and on curriculum planning. 
This was a service welcomed by many of the smaller schools where 
the teacher might have only one class in ptysics and often times 
that only every other year, often alternating with chemistry. Thus, 
physics was only occasionally the teacher's chief interest. In 
contrast the teacher in the consolidated! school of today will 
usually be scheduled from half- to fulltime in physics. ' 
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In 1946 Dr. Lark-Horovitz provided space in the physics building 
and asked that I develop a physics teacher's workshop. This dif- 
fered from the science teaching laboratories at that time by being 
situa*ted in a subject matter department rather than in the school or 
department of- education. Although the student understood that this 
was a teacher'*education facility, its location helped him to retain 
contact wl^'jb his colleagues in the academic area. 

« « 
Tlie phys;i<:s tfeachcr's workshop is, an aptly-named laboratory 

which ^'provides J in large part, the facilities deeded by the high 

school teacher for the development of instructional skill and for 

his advanced study and prof essional . growth. It is a laboratory for "* 

the development of ideas and for the preparation of materials to 

support inst'Tiiction in physics. This workshop serves both pre- * 

service and inservice physics teachers. The preservice teacher 

becomes fiamlliaf with the nature of physics courses being taught 

in the 'schools and with the materials and <»techniques available to 

the teacher. The special methods course for the teaching of physics 

in the secondary school is conducted in this laboratory. The same 

instructor is also responsible for the supervision of student 

teachers of physics. Imiervicc teachers may use the workshop 

materials on c library loan basis. 

A strengthening of the cooperative relationship between 'ichool 
and university has resulted from activity in the counseling program 
and the teacher ' s v;orkshop. 

In 1960 the department of physics establishc'^ a curriculum 
leading to a non-thesis master of science degree for professional 
teachers of physics. This four-summer program of study had the 
support of the National Science Foundation (NSF) until they phased 
out their .support of teacher institutes in 1974. Mor^e than 200 
physics teachers have completed their M.S. degree in physics ir 
this program and returned to service feeling very comfortable in 
their command of subject matter. This was an important program in 
that it allowed a teacher to do summer graduate study in physics; 
suitable physics courses were normally not offered during summer 
sessions/ Under this program the teacher had the option of graduate 
study in^'his p^.ademic area or education. 

Early, in the 1950s I developed the. Indiana Science Talent ^ 
Search and the Indiana Regional Science Fair. Each of these pro- 
grams was a firm counterpart of the respective national program. 
The purpose of these activities was not to bring fame or honor to 
the participants, flieir teachers, or their schools but to encourage 
a more s^timulating approach to the teaching of science. Partici- 
pation in the search or the fair required the student to conduct 
an investigation which involved some of the characteristi of 
research. While there is certainly a great difference ir ,e degree 




of sophistication of the problems which beginning students and 
seasoned scientists should attack, there need be no great difference 
in the nafMre of tY i approach or the attitude of the people who work ^ 
on these problems. In the schools at the tiipe so much of the teach- 
ing was rote and the laboratory work cookbook style that I felt it 
important to do something to encourage individual investigation by ^ 
students. My work in these two statewide activities proved quite 
rewarding. 

My last ten years before retirement were troubled years in 
America. They were years in which emotions ran high, in which we 
were', at the same time, concerned that Russia was getting ahead of 
us^ in science and technology and blaming science and technology for 
our ills, and in which the term ^ relevance wa::* much used without 
being clearly defined. 

During this period there were numerous innovative course pro- 
posals with an aim towa-rd presenting the basic concepts of physics 
in a logical sequence believed by their respective authors to be 
most effective for beginning students. It was hoped that these 
developments would increase btudent interest in physics and increase 
sagging enrollments. Mil'''^ons of dollars of public -money were spent 
on curriculum developments in the sciences and mathematics The 
results were markedly noticeable but not spectacular. . - 

Two major curriculum (developments with public financial support 
took/place in physics: 1. Physical Science Study Committee " (PSSC) 
and 2. Harvard Project Physics (lIPP) — later Project Physics. E^ch 
produced texts and numerous valuable supplementary materials such 
as paperbacks, readers, apparatus, new stimulating ideas for labora- 
tOi^y experimentation, films, film strips,* ^nd overhead projection 
cells. These materials were widely used by all physics teachers 
regardless of the text selocLed. Although neither course was univer- 
sally adopted each made a, lasting contribution to the improvement 
of physics instruction. 



It has always heen my feeling that John pe should teach Doe's 
physics rather than Physical Science Study Curriculum (PSSC) dr 
some other named curriculum. He should be innovative and not a tape 
recorder. He should select .from the available, materials' that he has 
access to — the material best adapted to his manner of teaching. 
ITiis is now feasible for many physics teachers becau:;e of school 
consolidation and a subsequent reduction in the number af academic 
subjects which the teacher must prepare for instruction each day. 
It is likewise feasible because of the instructional aids made 
possibl^ by both public and privately d'e^^elopo^ programs. 
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I am grateful to have lived and worked during n period which 
encompassed the first powered airplane flight and a walk on the 
moon. This among a multitude of other evidences makes me feel that 
although we have never taught science as well dS ve know how we have 
done a very respectable and admirable job^ 
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George G. Mallinson was horn in New York in 1918. His elementary 
and secorJ^ry education war. obtained in New York State, after 
which he attended the New York State College for Teachers at 
Albany (now SUNY) from which he received his A.B. degree in 
1927 and hts A.M. degree in 1941. His Ph.D. was awarded from 
the University of Michigan in 1947. 

Upon completion of his A.B. Dr. Mallinson served as a high school 
science teacher in New York from 1937 Mntil 1940. He then moved 
to sid>urban Buffalo serving as a Science Department Head and 
Administrative Assistant until 1942. From 1942 until 1945 he 
was on active duty in the United States Amroj. During his grad- 
uate work at the University of Michigan he served as an assistant 
statistician. In 1947 Dr. Mallinson joined the faculty of Iowa 
State Teachers College where he remained one year. Dr. Mallinson 
then movtd to Western Michigan University as an Associate Professor 
of Psychology and Science Education* He was promoted to Professor 
in 1949 and to Acting Director of the Graduate Division in 1953. 
In 1955 he became Dean of the Graduate College^ a position from 
which he retired on January 1^77 . He now holds the title of 
Distinguished Professor of Science Education and is serving as^ 
Interim Program Director of the Physicians Assistants Program.^ 

Dr. Mallinson has been ac vc in numerous state anc^ national 
organizations including AAAS^ NARST, CAS.rl\ Michigan Science 
Teachers Association^ Michigan Academy of Science, Arts^ and 
Letters J and American Association of Workers for the Blind. 
He served as president of NARST in 1953-1954, president of the 
Michigan Science Teachers Association in 1954-1955, president 
of the t4ichigan Academy of Science, Arts, and Letters in 1970- 
1971, president of the Michigan Chapter of the American Association 
of Workers for the Blind in 19? 4-197 5, and President of the Midwest 
Region of the American Association of Workers for the Blind in 
1975-1976. 

In addition to his regular uyiiversity duties. Dr. Mallinson has 
taught as a visiting professor^ in over a half dozen major colleges 
ar'd universities. L i has directed more than 50 hKSF institutes and 
programs and has beef, active as a consultant in the development of 
progrr^is for the visually handicapped. 

Dr. Mallinson has authored and coauthored several textbooks and 
textbook series. Since 1957 he has been editor of School Science • 
a nd Mathematics . 

Dr. Mallinson was recc^, Ized as a Burke Aaron Hinsd.'^e Scholar by 
the University of Michi'van. Ho was elected to Phi k^ppa Phi, a 
scholastic fraternity, and Beta Beta Beta, : biology fraternity. 
In 1969 he wai presented Dic^tiyiguished Alumnus Award by the 
State University of New York at Albany. 
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From modest beginnings in 1952 with a budget: of ?1, 540, 171 to 
a peak of $124,832,567 In 1969, the National Science Foundation (NSF) 
through fiscal year 1975 has expended laore than $1,600,000,000 to 
improve science and mathematics education, Ihese monies .were allo- 
cated for various activities including institutes, traineeships , 
fellowships, course content impiTovement programs, leadership projects 
talented student programs and conferences, as well as many others. 
The ronies were allocated for these activities ^>om the kindergarten 
through the university level and i.or natural science, social science, 
and mathematics. In addition, other agencies of government such as 
the National Aeronautics and Space Administration (NASA) and Depart- 
ment of Health, Education, and Welfare (DHEW) r,hrough various mech- 
anisms such as t e National Defense Education Act (NDEA) and the* 
Elementary and Se^-ondary Education Act (ESEA) contribuced funds, a 
good portion of which were funneled into efforts to improve education 
in the natural and social sciences and mathematics » While no one 
ever expected that the milleniiim would be attained , there were rea- 
sonable expectations that significant improvemants in teaching and 
learning, in these fields woulu eventually become evident. It is 
indeed a sad iact.that tangible accomplishments other chan stacks 
of audited fiscal reports of expenditures, at least on an objective 
basis, have not been forthcoming.- The saga of the efforts of the 
NSF since 1950 in "seeking to improve science and mathematics educa- 
tion appears in a report prepared under the direction of Langdon T. 
Crane for the Housa SubcoTpnitt^e on Science, Research and Technology 
(9). The details of the report are far toe extensive to discuss 
he^e but several statementfi that appear in it are worthy of mention: 

1. A review of the public record suggests that the 
National Science Board (the body that develops policy for 
NSF] may not have paid continuing attention to many in- 
poiTtant matters affecting the pre-college programs (9:11). 



2. , . , the initial courses supp6rted by NSF were 
proposed by, and came to be directed by, scientists with 
extensive research experiences and established sc- "^ntific 
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reputations but with relatively little experience in the 
elementary and secondary classroom environment* This early 
trend lea to some major success (h*^,hly debatable) but also 
created certain problems. Some of che early courses de- 
veloped with NSF support were judged by schools to be too 
esoteric for a great number of students. Others were able 
to receive only limited distribut:ion; local school systems 
were reluctant to adopt them because of theii novel fea- 
tures, difficult content and need for extensive teacher 
training or retraining . , , (9:287). 

Examination of early projects shows that review of con- 
. tent and intent of the program (referring mainly t ) the 
Co urse Content Improvement Program) was performed almost 
entirely by research scientists whose principal concern was 
for the substantive content of the course rather than for 
it's teachability, and v.ho lacked familiarity with the 
milieu in which it would be used (9:287). 

3. It would appear that recent criticism might be 
allayed if NSF were to avoid direct efforts to aid (sic) 
schools in the adoption of a new science curricula. It 
would seem that the institutes might we?.l resume their for- 
mer emphasis on modern methods of teaching science and on 
modern course content and avoid activities which seek to 
service the needs of particular schools or of particular 
school systems in adopting new curricula (9:209). 

Parenthetically, I wonder why in the devil it took so long for 
someone at the federal level to come to such conclusions. One who 
had less than delightful experience in lis^.ening to Charles Whitmer 
and Richard Paulsen who set the tone for the earlier efforts in the 
Course Content Improvement Program of NSF as ro what should be 
hai.|.uii-Liig in elementary and secondary schools, and to some project 
directors who managed to wangle inv dinate tine at meetings of in- 
stitute directors and space in jou*.aals to proselyte their programs 
funded by NSF was fully aware of what was going on, as were mny 
ethers. But NSF was unresponsive. 

I hasten to add that many of the directors and associate 
directors of institutes and other programs of NSF were appalled ^ 
with the directives "from above'* that forced them to become salesmen 
for book companies who managed to contract to publish programs that 
were developed with federal monies." But they were forced to follow 
the "party l-^'ne." 

Even worse was the academic pirostitution of university faculty 
members who sought monies to survive during suir'ners by submitting 
proposals to peddle commercially marketed programs whose development 



was funded by NSF. I can name culprits in ny own university so I 
ain not only pointing lay linger elsewhere. In other V7ords many in 
the academic communities in science and mathematics *Mid anything 
If the price was right," They welcomed the opportunity to embrace 
PSSC, CBA, BSCS, ISCS, ESS, SAPA and other acronyms to their academic 
bosoms so long as they were paid salaries over the lean months. 

But, to take only NSF to task is completely unfair since as one 
may infer from previous comments many in NSF were dismayed at what 
they were being forced to do to keep their jobs. Further, I wish 
to affirm strongly that I have been, and still am, a staunch supporter 
of much of what went on, and still goes on, in NSF, But I cannot 
'•play dead like Rover" with some of what I have observed recent.ly. 
Some history of what has happened may be relevant. 

In the 1950s and early 1960s it was the "in thing" to castigate 
the failure^ of American education. There were shortages of scien- 
♦•ists, science teachers, and other trained personnel in the tech- 
nological fields • All of this was blamed on the American eaucational 
system. Those who wish to read "An Issue in Doubt" that appeared in 
the "January, 1960, issue of Educational Forum will find that the 
excoriation and breast-beating within American society about sputnik 
and the decline of education in the United States were misdirected 
and basically resulted from the low birthrate during the depression 
of the 1930s and World War II (3). The birthrate was responsible 
for a lack of bodies to educate — a bedroom, rather than an educational 
phenomenon. ' 

In 1962 the program director of summer institutes of NSF and I 
spoke before" the Midwest Conference on Graduate Study and Research 
and defended efforts of NSF to improve the teaching of science and 
mathematici: in the , elementary and secondary schools (7, 8). Fortu- 
nately, NSF had seen that the early thrust to provide monies for 
research had nou bee'i directed at th-^ heart'^ of the problem, ^namely ^ 
a need to increase the cadre of well-trained teachers of science and 
mathematics . 

But problems were looming on the horiion. In addition to the 
concern for producing the means to improve teaching , namely pro- 
viding the education of teachers in' the content, and to some extent 
the methodology J of science and mathematics, a movement developed 
rapidly to produce the end^ namely development of science and matba- 
matics curricula. Initially thp emphasis was on programs for talented 
students, the first of which was Physical Science Study Committee- 
Physics (PSSC) . But these burgeoned into many efforts m science 
and mathematics at all levels that allegedly were to lead to educa- 
tional Valhalla. In the early years NSF stoutly denied any desire 
to provide any impetus toward the , adoption of these programs. The 



body politic of NSF insisted that any publicity should indicate that 



curriculum projects V7ere $upported fiscally by NSF not sponsored or 
endorsed. But power rests where the money is and those whQ?^partici- 
pated in the developmeut of such programs did all they could to imply 
that the\ were indeed morally supported by NSF as being the "right 
things CO do in science and mathematics education.** Unfortunately 
some of the' staff of NSF did nothing to discourage such views.* It 
becomes obvious that intellectual incest was emerging. 

But another cloud was looming on the horizon. The content of 
many of the course content improvement programs was hideously in- 
accurate. I recall a seminar to which I was invited in Estes Park, 
Colorado, about 10 years ago to proselyte the Earth Science Curriculum 
Project (ESCP). The materials that wer^ then 'in the final test edi- 
tions defined mass as **an amount of matter'* and indicated that the 
force of gravity was a function of the velocity of the earth's rota- 
tion at any particular location. When I challenged these and numerous 
other mythological statements in the materials I was informed that the 
narrative .had been reviewed by a number of eminent scientists which, 
of course, was a lot of **meadow dressing." It was well known that a 
prestigious advisory group generally v/as appointed, attended initial 
meeting .it a handsome fee, and then was enshrined on the letterhead 
never again to be consulted. Without going inco all the pleasantries 
that were exchanged, I did not lose the battle. 

More recently a monograph prepared by the Council for Basic 
Education (CBE) published a thoughtful analysis of the Individualized 
Science Instructional System (ISIS) program (1). In effect it indi- 
cated that many of the flaws rampant in ESCP were evident in ISIS. 
Again it was indica'-fid that the content developed with three million 
dollars from NSF couldn't be all bad since the project "sponsored by 
NSF and Florida State University" was investigated by a panel of 
experts who couldn't be v;rong* It is difficult to challenge the 
experts particularly if they did not have opportunity, or perhaps 
did not choose, lo examine the materxal carefully. 

But the long-standing problems described in some excerpts from 
the report prepared for the House Subcommittee oh Science, Research 
^nd Technology, indicated that all was not well "back at the ranch." 
Many of the curriculum programs despite massive funding by NSF and 
the Department of Health, Education, and Welfare (DHEl-/) were ruruiLng 
into trouble. So long as federal money was available to purchase* 
the programs and the hardware that accompanied the programs they 
were installed in tHe schools. The world "installed" rather than 
"taught" is appropriate since in many cases the purposes of the 
programs' were nebulous and consequently disenchantment set in. 
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The equipment purchased at high cost with federal funds was 
stored in remote closets for later "cannxbalization," The software 
v^as casually perused and in many cases discarded • But, as always 
happens, there was little introspection as to what might be inherently 
wrong V7ith the programs • Consequently NSF policy shifted to correct 
the external factors that were viewed as being responsible for the 
difficulties. Probably, having ^.nvested vast sums for programs that 
"bombed" including PSSC, CBA, and others, NSF sought to defend it- 
self* The fiscal support for science and mathematics education 
became ^'sponsorship" and, in fact, although not in a professed 
policy, only those proposals for institutes and other programs that 
were aimed at "brokering" rhe curricula that were developed with 
NSF funds were supported. But all of this did not occur without 
notice. ; 

I 

Ais Editor of S^'hool Scie'dce <xnd Mathematios I wrote a number 
of editorials that ^nronicled the events (6), as did many others who 
watched the scene. And the scene wasn't pretty. Despite ail the 
money that was frantically pumped into support of science and mathe- 
matics education as well as in other educational discipline.s the 
expected increment of learning of students v/ent in reverse. As 
summarized in a recent article it was indicated that since 1962-1963. 
the. average scores of high school graduates on the verbal section of 
the Scholastic Aptivute Test (SAT) had dropped 44 points and on the 
mathematics sections 30 points (5), On the sci^^.nce section the 
decline was apparently minimal although one udght reasonably expect 
that it should have increased. At this time, I want to emphasize 
vigorously that there is no intent to blame NSF for these decrements • 
As stated in my paper entitled "Summer Institutes as Gra-, :te Pro- 
grams" 

Without: regard for the u." .imate merit of these Instil w 
programs, no other single t?ctivity has ever had a greater 
impact on An^erican Education (7), 

I still believe that statement without reservation and have the same 
attitude toward many other NSF programs, But^ I heartily endor<^e 
the recommendation that appears in the report to the ninety-fourth 
Congress , to wit : 

It ±s recommended that the National Science Board 
initiate a study to develop new mechanisms for adminis- 
tering curriculum implementation activities that will 
allow the National Science Foundation to remain at "arm's 
length" from the process (9:297), o 

- In other words NSF as well as. other federal agencies should do 
they profess that they intend to do, support the development of 
programs that seem to have educational possibilities but remain 
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completely aloof from tacitly or directly endorsing them. But all of 
this seems to be breast-beating and excoriation that leads nowhere. 
What should come next? 

Suffice to say Vthe gravy train" with respect to support of edu- 
cation is over for the foreseeable future. The demands or the tax 
dollar have shifted from the needs of a youthful population to one 
that is growing older. More monies will be diverted, with good rea- 
son, into health and retirement and less into education, even on a 
per capita basis. But the needs for the support of graduate educa- 
tion is well stated in an article b.y Charles I, Lester citing a 
speech by Steve Bailey of the American Council on Education (ACE): 

What if the entire graduate enterprise , in this nation 
shut down? Would it make an difference?' It would make 
only this difference: The basic scaffolding of the in- 
tellectual and professional life of the nation would come 
tumbling' down. At first, little change might be not ued. 
But ultimately, doctors would malpra'ctice from ignorance; 
bridges designed by untutored engineers would collapse; 
literature and the performing arts would be held to no 
standards, and would dissolve into blobs of jelly; f^co- 
nomics would become a broken record of inutile theories; 
philosophers would play sloppy word games without rules 
or vigor; astronomy would collapse 'into the black holes 
it has only recently discovered. The collective memory 
enshrined in our research libraries would dissolve into 
the aphasia of disuso. Above all, there would be no 
specially protected envirorment friendly to the restless 
probings of the human mind (2) . 

This does aggrandize graduate education but it is the truth. 

The statement has mi > i>;pli cations for graduate study in sci- 
ence and mathematics education as, evidenced by data in a longitudinal 
study by the author in which one facet was to determine, the relation- 
ship betv;een graduate study of science and mathematics by teachers 
and the achievement of their students in these areas (4). The study 
indicated clearly that the undergraduate background of teachers bore 
little or no relationship to student achievement in science and 
mathematics wher3as their graduate studjy in science and mathematics 
was significantly related^ to student achievement in these areas. 
Since the graduate study was undertaker^ during the *'heyday" of 
institute programs one can hardly ignore the merits of the contri- 
bufions of NSF insticutes to student achievement. But there is al- 
ways some question as to how much impact a valid conclusion of a 
research study has compared with the statements of a bombastic, 
director of a project funded by NSF, particularly when the statements 
are made on an NSF platform. But all this is the "mouthing of babes" 



'1^9 ■ 



when one views what lies ahead. So the question remains **l^rt.at is 
likely to happen next?** I am perfectly willing to go out on a limb 
and make a number of statements, many of which are in the realm of 
conjecture and many of which are not. So let^s get to business, 

1, A major factor in the adoption of programs for science and 
mathematics (books, kits, and other miccellany) will be cost. No 
longer can programs for teaching in science and mathematics involve 
excessive costs of equipment, "Excessive cost'* may well be defined 
as the difference between the price of a beaker (75c or more) and 
that of a baby food jar (0<?) when both can serve the same function 
equally well. If it can be done with scrap material nobody will be 
willing to pay for the expensive hard\7arG, V/ithout going into all 
the details some of the most effective science and mathemati.es pro- 
grams have been implemented with the materials for activities 
("experiments") that children scavenged from somewhere to bring to 
school. 

2. The alphabetic programs, despite the alleged assertion of 
Jerrold R. Zacharias that PSSC v/ould be the physics program in 80 
percent of the schools by 1970, will disappear, I firmly believe 
that the good and evil they did will influence the content of sci- 
ence and mathematics programs in the future. But the acronyms will 
be absent, 

3, Some types of programs of the institute variety will be 
initiated by NS^ , But the programs will be dictated by cost effective- 
ness, a highly salutaj./ development. The AAAS-NGF Chautauqua-type 
sh'^rt courses may well serve as models since they have been highly 
efiJective. These programs have run for two full days of eight hours 
each in the ^f all followed by an intervening period of about three ^ 
months during which the participants are asked to complete a pro- 
ject relevant to the program. This interim period is followed by 
another two-day session in the spring during which the projects are 
reviewed and the program is tied together. In some instances credit 

is available for completion of the program. Such credit is quite 
legitimate and does require that the participant pay the cost of 
tuition. 

4. The funding of participants for subsistance and travel for 
summer institutes is probably, and should be, "done gone," The urge 
to get more qualified teachers has subsided for reasons that are too 
numerous to mention here. But the end of the quest for numbers is 
eminently worthy. If indeed institutes reemerge, and well they should 
as a function of continuing education, they are likely^ to be of the 
inservice variety in which costs are minimal. 
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5. The Crane report indicates rather clearly the disenchant- 
ment of Congress with NSF policy. Continued funding is obviously 
likely to be on a more rational basis where entrepraneurs can no 
longer feed on the federal trough for implementation and royalties • 
The latter point may be contested vigorously but -the money was made 
in many cases by such entrepreneurs through the establishment of 
dummy corporations only through which the equipment for the acronym 
programs could be pur':hased. So the facade of integrity was pre- 
served, even if somewhat tarnished, 

6, Without disregarding the importance of the skills of inquiry, 
more balanced consideration will be given to content. But the empha- 
sis will not be on the long-since discredited Bronx High School of 
Science approach, namely to stuff talented students with twice as much 
of what they shouldn't have been stuffed with in the first place, * 
Rather, science and .mathematics content will be more consistent v;ith 
the Research Related to National Needs concept (RANl^) including environ 
ment management, use of energy, and what has long been , disregarded — 
materials science. Anyone with any vision is aware that the energy 
crisis in which we are now involved is a Sunday schcol picnic compared 
with the materials crunch we are going to ,face within the next decade. 
Many materials on which we are highly dependent are being processed 
from less productive ores and some -are almost completely supplied 

from foreign sources. The Arab oil syndrome will no doubt influence 
the current suppliers of these crucial materials. 

# - ' 

But one could go on and on listing problems — an easy, heart- 
warming, but relatively unproductive, intellectual exercise. The 
real task is to come up with solutions that are feasible. They will, 
however, be less pleasant than those solutions with which we have 
"lollygagged" for so long. We have talked about processes of sci- 
ence and in a heady e'lohoria have developed integrated rocesses of 
science both of which, as one could predict, went over like "lead 
balloons," 

The point being emphasized here is that soien(^e in the elementary 
and secondary schools and that with which average citizens need to 
cope should be the underpinning of the objectives of much of the 
science teaching in colleges and universities. We can no longer 
indulge in the luxury of sanctifying ourselves as apostles of sci- 
ence for science*s sake course Tmprovement projects. We'd better 
realize that these academic exercises are dead, in fact> "stone cold ^ 
dead in the market," Except to blithering idiots this was evident 
years ago. We are now, as we were then, in a market where a practical 
approach is not "beneath the dignity of a gentleman," In other words 
the consumer approach will need to be reviewed with vigor. 
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7. Above all it is extremely unlikely that any efforts in the ^ 
future similar to the Course Content Improvement Program will receive 
monies V7ith which to proselyte new programs. Undoubtedly any pro- " 
^ams in the future will place emphasis on teachability rather than 

oh rigid conceptual or process Structure. 

8, As a final note, I wish to affirm vigorously thai the new 
directions that will take plaoe^ come hell or high water^ will no 
doubt be exploited by entrepreneurs whose mouthings will emphasize 
"meeting the needs of :>society" when they are really -^riented toward 
filling the pockets of schills who exemplify The Enjperor's New Clothes. 
There are many dedicated persons -at all levels who are confused as to 

. 'iat is going on. Who isn't? The solution, however, is not going to 
be provided by those who peddle experiences at a profit, with vast 
amounts of ^credit, for minimal effort. The success will be accom- 
plished by the litizle guy who teaches science in the rural community, 
suburb, o; ghetto who really believes in v/hat he is doing, rie will 
not be one of those who flee school at 3:00 p.m. He will stay behind 
because he loves teaching science and students and is willing to give 
extra time. He will not leave because his profession is a chore. 

REFERENCES 

1. Dunkham, William W. "ISIS: The Container as Contents." 

Council for -^asic Education Bulletin 20(Aprli 1976) :l-7. 

2. Lester, Charles T. "Speculations Concerning the Future of 
Graduate Education." Graduate School E30i(3W 19(Spring 1976): 
1-5. 

3. Mallinson, George G. "An Issue in Doubt." Educational Forum 
24(January 1960) :147-156. 

O 

4. Mallxnson, George G. Final Report oH Science Motivation 
Proje - Cooperative Research Project 503: An "Analysis of 

- — - the^^ators. ^Related to the Motivation and Achievement in 
Science Courses in the Junior and Senior High Schools. 
Washington, D.C. : Cooperative Research Branch, Office of 
Education, Department of Health, Education and Welfare, 1963, 
pp. V, xvii, 177. 

5. Mallinson, George G. "It's Time for a Second Coat." in The 
Guest Room, 572^ Virginia Mathematics Teacher 2(February 1976): 
6-8. 



189 




6/ Mallinson, George G. The following articles have appeared in 
School 'Science and Mathematics. "The National Science Founda- 
tion and the Public Dbmain" 64(Octobt'r 196/0:569-573; "The 
Schaghticoke Powder Mill Blew Up and, the Rooster Ain't Crowed 
Since" 65(November 1965) :675-6'i 3 ; "Laurels and Larceny" 65 
(December 1965) : 761-762 ; "Are Schaim's Statistics Sloppy?" 
68(June 19.68) :471-472 ; "You Been a Good Old Wagon But You Don 
Broke Down" 72(February 1972) :105-]06; "Pants Full of Snakes 
and Bottles of Whiskey" 72(April 1972) : 279-280 ; "It's Such a 
Nice Day for a Funeral!" 73(X)ctober 1973) : 529-530 ; "Oh VJhere 
Did All the Money Go?" 74 (April 197^0:265-366; "I Had It, But 
It*^ All Gone Now!" 74(November 1974) :557-558* 



1. MallJLnson, George Q. "Summer Institutes as Graduate Programs*" 
Proceedings of the Eighteenth Annual Meeting of the Midwest 
Conference on Gx*aduate Study and Research. Iowa City, Iowa: 
The Midwest Graduate Study and Research Foundation, Inc*, pp. 
17-29. 

8* Morrell, William, "Discussion," Proceedings of the Eighteenth 
Annual Meeting of the Miduest Coyiference on Graduate Study and 
Research* Iowa City, Iowa: The Midwest Graduate Study and 
Research Foundation, Inc., 1962, pp. 29-34, 

9, U,, S, Congress. House, Report prepared for the Sub- 
committee on Science, Research and Technology of the Committee 
on Science and Technology, The National Science Fowvlation and 
Pre-College Science Education: 1950^1975^ ed, Langdon T,' Crane • 



94th Cong,, 2nd Sess. , January 1976. [Washington, p^C/'y pp,* x. 




297,] 




i' 



190/ 

193 



Elsa Marie Nader was bom in 1909 in New Jersey where she 
acquired her elementary and secondary education. After 
graduation from Westfield High School she attended Colianbia 
University from which she received all her degrees: her A.B. 
from Barnard College in 1930 y her A.M. in 1932, and her Ph.D. 
in 1942. 

After completing her A.B. in 1930 ^ Dr. Meder worked as a labor- 
atory assistant at Yale Medical School^ as a chemical librarian 
for E. R. Squioby and as a secondary school science teacher in 
New Jersey. In 1939 she. enrolled in Teachers College y Columbia^ 
for graduate study in Science education. I'Jhile there she served 
as instructor and as research associate in the Bureau of Educa- 
tional Research in Science. In 1944 she was appointed assistant 
professor at Jersey City State College y but soon went to Washing- 
ton us a member^ of the editorial staff of the Armed Forces 
^tnstiiziW. \ When World War IT endedy she joined the high school 
^ deparim^nt of Houghton Mifflin Company with responsibility for 
matJiematics and science textbooks. She remained there untiTyl960. 

From 19 6 T until her retirement in 197 3 y Dr. Meder was invohJed in 
international education. From 1961 until 1969 she i^orked through 
Teachers College y under its contracts with the Agency for Inter- 
national Development and the Peace Corps. She was a lecturer in 
science education at Makerere University y Uganda; ' she worked with 
American secondary school and college teachers in East Africa as 
a liaison with Teachers College y A.I.D.y and for Peace Corps; 
she directed and participated in training programs for Peace Corps 
teachers for East Africa; she worked with the Ministry of Educa- 
tion of Afghanis tan y setting up a curriculum developmeyit and 
textbook project for the elementary schools of that country. In 
1970 Dr. Meder became a Peace Corps official y serving first as 
training coordinator for the Africa Region and later as program 
representative and director of Peace Corps in the Gambia. 

Before her involvement in international eduoationy Dr. Meder piib- 
lished articles on science education in Science Educationy in the 
Review of Eduoational Researc h y and in the Teachers College Record . 
For several years she served as voluntary editor of Science Educa- 
tion . Her dissertation was published by the Kings Crown Press 
under the title Y outh Considers the Heaven s. « 

At present her major educational activities are membership on the 
Board of Trustees of Saint Francis College of Maine and partici^ 
pation in 'the work of school committees in the village in which 
she lives. 



WE COMB TO LTARN 



ELSA miiV. NiEDER 



Kennebunkport^ Maine 



On the first Friday in May of 1961 a group of members of the 
Association for the Education of Teachers in Science (AETS) held a 
meeting in the Graduate School of Education of Harvard University. 
What transpired at the morning session that day I do not recall nor, 
I am sure, do many of those^.who were in attendance, for that was o 
the day on which Alan Shepard became the first American to be hurtled 
into space and the AETS session recessed without much formality so 
that those present could witness the television coverage of the event. 
Perhaps others who were there can remember what happened when the 
meeting reconvened after lunch but I never really knew because dur- 
ing lunch Hubert Evans, then at Teachers College, Columbia University, 
had suggested that I become a visiting professor at Teachers College 
for the purpose of being seconded to the Faculty of Education of 
Makerere University College in East Africa. The unexpectedness of 
the suggestion and its to me incredible nature made it impossible 
for me to follow the proceedings of the meeting with anything more 
than the appearance of attention. Before two months had passed I 
found myself in Kenya, and my life has not been the same again. One 
way or another I have been involved ever since with education in 
what are usually called developing countries: with Teachers College, 
under Agency for International Development (A.I.D.) contracts, and 
with the Peace Corps. The years have been crammed with learning 
experiences I could never have imagined and it is these experiences 
which have determined the title of this paper. Westerners working 
.overseas in development projects including Americans who serve as 
Peace Corps volunteers are successful, I believe, to the extent that 
they are motivated learn as much as they can while there and at 
the same time to make some recompense to the people of the country 
for the richness of the opportunities that are theirs. 
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miCAN LESSONS 

As a teacher one of the first lessons I learned was the inadvisa- 
bility of attempting to follow familiar procedures and the practical 
impossibility of doing so successfully except by chance. Or to 
state the same idea more positively, I learned as never before the 
essentiality of selecting content and method in terms of particular 
situations and particular students. Of course, such selection in- 
volved understanding the. situations and the students; in my case, 
understanding unfamiliar cultures and their impacts upon the students 
who were their products. Understanding, real understanding, is 
probably impossible under such circumstances. But one can strive 
for empathy rather than aloofness, for respect of strange customs 
instead of disdain or fear, and for humility instead of arrogance. 
These are qualities which can be cultivated-qualities which we all 
know are among the most valuable assets a teacher can have* The 
cultivation of them pays immeasurable dividends not only in making 
it easier to do the job of teaching but in opening exciting new 
vistas, new fields of learning. 

The young Africans in my Makerere classes had scudied and were 
preparing to teach science cor.rses according to the Cambridge sylla- 
buses. For many reasons rhey and their teachers had seldom sought 
illustrations in local life of the principles listed in the sylla- 
buses. Even less frequently were those principles derived from the 
multiplicity of relevant data at hand. 

I well remember walking with a few of my students along a ^ 
footpath leading to a small outlying village. They were enjoying 
their self-imposed task of introducing me to things along the way 
which they believed to be unfamiliar to me (and needless to say, I 
was enjoying their efforts). We came to a lone tnud hut, empty for 
the moment. They investigated and found that it was the workshop 
of the village blacksmith. We entered and the students began to 
tell me how the smith worked. I asked a variety of questions, some 
because the smithy was indeed unfamiliar to mt, and some because I 
could not resist acting like a teacher: What does he do with this 
(the bellows)? What is the point of forcing air in that way against 
the charcoal? Suddenly one of the"^ young men saw the linkage between 
the blacksmith's procedure and a Cambridge syllabus topic he had 
memorized long before: "The combustion of carbon in limited and 
copious supplies of oxygen." He quoted the syllabus gleefully and 
then aSded, "And that chap doesn't even know it!" 

Textbooks have sections on che metallury of iron and steel 
and commonly include among the illustrations a cross-sectional 
drawing of the Bessemer converter with some such comment as this: 
"Bessemer steel is used for making machinery, tools, wire, and nails, 
and is the essential modern structural steel used in steel framework 
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buildings" (1:209) ♦ Bessemer developed his process during the 1850s 
and was knighted for his achievement in 1879'* But for ages past, 
ironworkers of soiithwestern Uganda had been using a smelting process 
essentially the same as Bessemer' s — when I show a cross-sectional 
drawing of their kiln to Americans, they think they are seeing a 
drawing of a Bessemer converter (4:29-36). And fron the resulting 
steel these craftsmen make thread-like wire; a steel bar five or 
six centimeters in diameter and less than a meter in length can be 
drawn out into some 50 meters of wire. The process, of course, is 
not automated'. What is accomplished in 20 minutes in the United 
States or Great Britain requires several days for these African 
ironworkers; but the metallurgy is the same. 

This story illustrates another of my African learnings: not 
only do all cultures, even very "primitive" ones, have their crafts*- 
men but sometimes the technologies of these craftsmen can be rela- 
tively sophisticated . 

The remark which the young man added to his syllabus quotation 
was not intended as praise for the smith's practical knowledge.. Too 
often the educated person in a land where few have schooling looks 
down upon his uneducated countrymen. Similarly, we of the "developed' 
world sometimes act as if our technological civilization justifies 
us in derogating simpler ^cultures and their adaptations to their 
environments. 

The importance attached to book learning in lands where it is 
a rarity is closely related to dependence on the authority of the 
printed word. Such dependence, as we know, is by no means peculiar 
to third-world countries • We all have heard of the Christmas news- 
paper editorial, "Yes, Virginia, there is a Santa Claus" — Virginia 
•'had written to the newspaper because her father had told her, "If 
you see it in the Sun^ it's true." Although few peisons place as 
much reliance on a newspaper as Virginia's father did, there are 
many to whom a statement in a book, especially a holy book or a 
textbook, is to be accepted unquestioning. It is often hard to sow 
the seeds of an appropriate skepticism. 

Let me use another illustration from my Makerere classes. 
One young man was preparing to teach his first lesson to a junior 
secondary school class and had been assigned, by the regular class 
teacher, the syllabus topic dealing with frogs. He had studied the 
textbook and had made an outline; now he was practicing on his 
college class. As so many first-time teachers do he soon started 
lecturing, and in the course of his lecture he announced that frogs 
hibernate in winter. No one in the grou saw anything amiss; they 
too had read the textbook. All were a b .t surprised when I asked, 
"When is wiii^er?" After a brief silence one student said tenta- 
tively, "You know when winter is." I ag.. -ed that I knew wh'6ji winter 
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occurs in New England but justified my question by saying that I 
would not know hov7 to answer a junior secondary pupil in a school 
half a degree north of the equator if he should ask me the question. 
This stimulated considerable discussion, during the course of which 
the very polite college students forbore to tell ne that no junior 
secondary school pupil they knew would ask his teacher such a question. 

I do not fauln these African students very seriously. When one 
must do all one's studying from books written in a foreign language 
and prepared primarily for students in a different part of the globe 
the temptation is great to accept the words of the book, whether or 
not they are in line with one's own experience. Nor is it quite the 
same thing for an African to study in English (or in French) as it 
is for an American or a Briton to pursue his arts and sciences studies 
in French or German. This is true not primarily because of the many 
English words derived from French and German nor because of the 
historical development of the European languages; but because of the 
basic differences in the cultures of \v.»ich the languages are express- 
ions. Students of linguistics recognize that there is a relation 
between the language of a people and their ways of conceiving of the 
world. Thus there are inescapable complications in coitnnunication not 
only because of vocabulary inadequacies and varying connotations of 
worlds that convey abstract meanings but more fundamentally because 
of differences in values and world views. 

0 

AFRICAN WORLD VIEWS 

This paper is not the place, and I am not the person, to attempt 
an analysis of African value systems and world views. The continent 
is large, its cultures many. But there are recognized basic simi- 
larities in world views (4:253ff). African ways of life are every- 
where associated with the concept .of the family. The African family 
is not the nuclear family of the West but the extended fami-y of 
biological kin in which each has his responsibilities and privileges 
and few if any feel unwanted — a model for wider and wider societal 
relationships. By extension, unrealized and perhaps unrealizable, 
the African concept of the family seems to trend toward the ideal 
of the family of man. 

Since tiie family extends backward in time as well as forward 
and in ever widening circles, African ways of looking at life include 
continued recognition of ancestors, family members who are no longer 
to be seen upon the earth. But it is the earth itself, the land, 
which is. perhaps the most significant component of the African world 
view. The land provides that which is needed for living — to the 
farmer, to the herder, to the hunter, to the craftsman. The land 
is the parent of all people. 
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All this has been summed up in three sentences: 

Man and his surroundings are one, 

Man and his past are one, 

Man and other men are one (1) • 

-I do not think we can sum up a western viewpoint in similar 
statements • Yet the African nations today are striving for develop- 
ment along western lines; they are committing themselves to our kiad 
of progress. They accept as fact their need to learn from us. I 
keep hoping that we will recognize our need to learn from them. If 
there can be mutual learning, perhaps ve in the V/est can escape from 
the technological trap symbolized by the word pollution and can move 
more and more toward policies premised upon humr>n needs in an effort 
to bring about, at long last, "freedom from went . . . everywhere 
in the world" (5). If there can be mutual learning, perhaps the 
African nations can move toward their goal of economic development 
without sacrifice of their traditional strengths. 

Few indeed are the prophets who prophesy with total accuracy. 
In 1780 Benjamin Franklin wrote to Joseph Priestley, prophesying 
in part, envisaging technological progress without penalty, dream-- 
ing of that which some of us would never desire; and expressing at, 
the end a wish toward which we still must strive — as scientists, as 
teachers, as citizens. Here is a part of his letter: 

The rapid Progress true Science now makes, occasions my 
regretting sometimes that I was born so soon. It is 
impossible to imagine the Height to which may be carried, 
in a thousand years, the Power of Handover Matter. We may 
piferhaps learn to deprive large Masses of their Gravity, 
and give them absolute Levity, for the sake of easy Trans- 
port. Agriculture may diminish its Labour and double its 
Produce; all Diseases may by sure means be prevented or 
cured, not excepting even that of Old Age, and our Lives 
lengthened at pleasure even beyond the antecilluvian 
Standatd. 0 thnt moral Science were in ais fair a way of 
Improvement, that Men would cease to be Wolves to one 
another, and that human Beings would at length learn 
what they now improperly call Humanity (3)! 
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Throughout the last three-quarters of a century educators have 
agreed in varying degrees that science plays an important role in 
general education. Why it does, vhat science, how much science, 
where in the curriculuun the learners are exposed to science, how 
science is to be taught, what contributions science learning makes 
to personal and social welfare have produced voluunes of dispute, 
only a trickle of ideas, and no principles of reasonable credibility. 
Throughout this time we have been besieged with volumes of opinion- 
based expositions and one-time "research studies" that hardly qualify 
as pilot studies relating to science teaching. 

The words to the song of objectives end teaching methods have \ 
changed slightly but the tune has remained essentially unchanged for 
the past 40 years. The following topics have been the subjects of 
infinite nuonbers of pages of words: 

• Discovery learning written about in 1916 — the pupils 
"reasoned from their own experiences"; no books were used. 

• The science curriculum must be examined in terms of the 
needs of individuals in a rapidly changing society — 1916. 

' Humanistic science teaching — 1916. 
' Project teaching — 1916. 

• There is need for scientifically trained personnel no less 
in peace than in war — 1920. 

' Sex education and social hygiene — 1920. 

' The laboratory in science teaching, science and technology, 
science in an integrated curriculum, multimedia instruction, 
logical vs. the psychological approach to learning — 1920. 

' The heart of science is the scientific method. 

' The most important outcome of science teaching is the 
development of the scientific attitude. 

' The objectives are stated as desirable behavior changes. 

' The teaching of science is to develop abilities in problem 
solving and critical thinking. ' 
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The following is by no means an exhaustive list but should 
reveal the same old stuff with new words: inquiry, discovery, 
process^ affective domain, interactions of science and society, 
structure of the discipline, humanistic approach to science teach- 
ing, cognitive approach, behavior objectives and so on. 



To review the problems and issues of science teaching over time, 
one need only to read the volumes of the General Science Quarterly 
(which became Science Education in 192^), Science Education^ School 
Science and Mathematics^ and the Journal of Research in Science 
leaching. The above problems and many others are found consistently 
and uniformly except for a change in nhe orientation of those v/ho 
write. During the 1930s and immediately following the publication 
of the National Society for the Study of Education's (NSSE) Thirty- 
First Yearbook there were the academic scientists who were pleading 
for better science instruction (1)^ Soon this population of authors 
changed to those who worked in both science and education, Charles 
Peiper , ""wilTjur Beauchamp, Samuel Powers, Earl Glenn, Walter Whitman, 
William Eikenberry, Francis Curtis, Clarence Pruitt, fellsworth 
Osbourn, Ira Davi%^ Bertha Parker, Harry Cunningham, and Gerald 
Craig. This group, qualified in the academic disciplines and 
interested in the pedagogy of the disciplines, tended to reproduce 
itself to a limited extent. 



The science teaching of this era was that of relating science 
to community and personal living. In a book series of 1935 it is 
stated that for grade 7 the concern should be for simple knowledge 
of thft useful and interesting science in the immediate environment; 
the second year understanding should be the goal; and in the third 
year interpretation and application should be the goals. We con- 
tinue to use the same terms today. 

With the extraordinary demands on science education around 1957 
the label science education became the ticket to many theaters. Wit 
this demand came an increase in the number of the "camp followers" — 
the educationists who were informed in education-ese and educa- 
tional psychologists who had some hypotheses and wanted a place to 
use them — seeking the opportunities in science and mathematics. 

Science teaching soon came into the hands of three groups: 
educationists and educational psychologists, science educators, 
and scientists. It seems that the three groups have indulged each 
other during the past 20 years to such a degree that science educa- 
tion is now in a state of chaos. The educationists and educational 
psychologists are selling discovery learning, process teaching, 
interests, cognitive learning, and attitudes. The scientists have 
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teen selling science for the sake or science to make big scientists 
and l-^ttle scientists, fhe few science educators loft are pleading 
for a plaoG in the sun because the best attention they get is from 
science for lireracy. The science educator finds himself identified 
with the two other groups to the extent that he has no ground of his 
own. 

The educationists and educational psychologists use science as 
a vehicle for testing their hypotheses. The science educator? on 
the other hand, is concerned with the pedagogy of the particular 
concepts, laws, and protocols of the several disciplines. 

The growth of science education during the past AO or more 
years has suffered from ailments that are complex in functional , 
relations. I believe that educational research based upon education- 
ese and/or psych logy of learning and development has produced 
essentially nothing In the way lof improving learning. This is not 
to say that all of ur activityj in the past is useless but rather 
that our activity should heip to show what not to do; this is progres 

Some of the what-not-to-dq tilings are listed for consideration 
by the future participants in rjesearch in science Leaching. Past 
studies have assumed that there! is a learning procedure common to 
all conceptual knowledge. It has even been called concept learning. 
Now we know that all concepts in science are not of the same species. 
It is suspected by some that concepts, since they are content spe- 
cific, are thus learning specific. Studies should thus relate to 
specific procedures designed for learning individual concepts at a 
specific level of comprehension. 

In the past the people in science education, some scientists, 
and most teachers assumed that knowlelge in science develops as a 
consequence of following the "scientific method" which employs 
inductive procedures. (This may be the source of the idea that 
knowledge in science is discovered just as Columbus discovered 
America.) It se'^ms, however, that knowledge in science has been 
created utilizing hypothetico-deductive processes; it is not dis- 
covered. This change i,n attitude or belief still escapes even 
some college teachers uf science. 

It is obvious that the acceptance of these two ideas could 
change the teaching of science and studies of the teaching of 
science very dramatically. It seems that the basic assumptions 
of the nature and evolution of knowledge ware and in many cases 
still are in error. Frcm erroneous assumptions can only come 
meaningless generalizations. 

Another serious problem in science teaching and science .educa- 
tion has its origin in the vocabulary of the area of interest. 
The vocabulary has been selected, often indiscriminately, from 
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angireering, science, metaphysical philosophy, philosophy of science, 
logic, economics?, mathematics, medicine, and so forth, and prosti- 
tuted to the point where any one word, rcrrr ''.-^ of context, 
represents as many concepts as people vV Advertising psy- 

chology in the form of catch phrases or has been substituted 

for the objective examination of the structures' and functions of' 
^science. How these relate to what little is Hypothesized about how 
people learn, and the relationship between experiential maturity 
and complexity pf learning is not being considered • 

Today there is no list of objectives for teaching science. To 
some the objectives are cognitive, to some conceptual, and to some 
a mixture. All groups probably have at least one objective that is 
affective. The terms of old — inquiry learning^ discovery learning^ 
learning how to learn^ problem solving himanistio education^ - -j.- 
ductive teaching and learning ^ critical thinking ^ scientific atci- 
tude^ and so forth are stili. with us and after more than 40 years 
are still undefined. ? 

During the past 40 years the study of science in the schools 
has moved from extreme use of reading as a learning procedure to 
what seems to be conscious effort in sciv ice classes to protect the 
pupil from exposure to the printed page. It seems that the "new 
programs" especially at the elementary and middle school levels no 
longer see the function of reading in learning science. 

The use of laboratory activities is now extreme at all levels. 
This in spite of the fact that really modern science is very limited 
in terms of bench-type activity. This in spite of the fact that 
scientists no longer look upon their activities as discoveries 
utilizing inductive procedures. This in spite of the fact that more 
research comes from the utilization of existing data and the creation 
of ingenious computer programs. This in spite of the fact that most 
learning after the individual leaves school comes through reading. 
This in spite of the fact that there is a difference between the 
practice of science and tne teaching of science. This in spite of 
the fact that most science teachers are not scientists. This in^ ^ 
spite of the fact that very few students in science classes will/ 
become scientists or technicians. It is even possible that the 
excess use of the laboratory activities may lead to overconf idence 
in anything that appears like "truth producing" oir "a nature of 
proof." 

The advocates of the overuse of the laboratory or the "process 
people" seem to think that if one can learn how to learn he can 
learn anything. This is a statement with which there must be 
universal agreement. The only problem is that no one knows how 
to learn everything. The "learn how to learn" people seem to be 
compelled to believe that knowledge is intuitive and of a single 
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species type. The argument in intuitive vs, discursive knowledge 
has been around since the time of Kant with the predominance of 
evidence to support the idea of discursive knowledge. 

Further,, who is responsible for so many teachers of science 
being convinced that scientists observe at random, that they form 
hypotheses in an algorithmic manner, that scientific knowledge is 
discovered, and so on? I beg to speculate 'that thgse ideas are 
spawned by individuals masquerading as science educators who are 
really educationists or educational psychologists using science 
teaching to tbeir own advantage. These ideas can only come as a 
result of the overindulgence of the three groups for each other — 
educationists and educational psychologists, science Educators, 
and scientists. 

It is not a desire to see a resumption of the feuding of the 
many disciplines: however,-, it is time the people in the scientific 
community aid the teaching of science by alerting 'the general 
educationists that what is being said ahouV the structure' of. science 
is generally not proper. It must be said that there is not "one 
structure of science," There are as many structures of science 
as there are knowledge components of S'cience, It must be said 
that each component of science evolves^ necessitating dts own academic 
history; however, all of science follows some well-accepted self- 
imposed ethical rules. 

The science educator must help the science teacher learn what 
little is known of the 'pedagogy of the disciplines. The science 
educator must study the components of .the disciplines, form hypo^^ . 
theses relative to the pedagogy of the parts, and test these hypo- 
theses for cre'dibility , To do this the science educator needs the 
cooperation of the scientists and the science teachers in the class- 
room. It must be recognized that a science teacher need not be a 
scientist and a scientist need not be a teacher. It must also be 
recognized that to learn the many types of knowledge already existent 
in the scientific disciplines does not require that each be develbpe'd 
anew by each generation of learners. The science ediicator, in har- 
mony with the teacher of the classroom, must determine how ' individual 
increments of knowledge may be learned. This could definitely demand 
a more sensible use for laboratory activities, demonstrations, pic- 
tures, speaking, and reading, 

V?here has science teaching been in the last 40-50 years? The 
many disciplines have gone from providing knowledge that is to serve 
in decision making related to -personal-social living, to knowledge 
for the sak^ of big science and little science, to knowledge that 
is to serve in decision making related to personal-social living. 
It is unfortunate that only recently have science educators begun 
1, to examine the structure and evolution of selected concepts and 
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laws from the several disciplines with the eye to developing v 
» specific pedagogies, and 2. to study the history and evolution 
of the practices in science to the extent that the limitations and 
functions of science are coming to be known* Some scientists have 
known 2. for a long time but apparently have been reluctant to say 
something. Maybe more important is the fact that some of the vocal 
holders of the Ph.D. in a science discipline are really not sci- 
entists at all but rather are high class technicians utilizing the 
prestige of their academic society. As this is being written a 
recollection is fleeting among my thoughts of a comment made by a 
noted biochemist in about 194.1 while speaking at a national meeting 
of science teachers. This is not precise but his general ideas 
were: The practice of science may produce great and important 
products of knowledge and products of great use for improving the 
living of people; however, it has its limitations. We are presently 
requesting the study of science to produce good, honest, moral, 
ethical citizens that never make decisions without alt the informa- 
tion, who solve all their problems using "the scientific method," 
and who are interested in the conservation of the environment and * 
welfare of fellow men. Although some of these may occur within 
people who study science or are scientists, they are not all proper 
to science or the consequence of the study of ^science. The purposes 
of science are to make the real universe of matter and energy oinder- 
standable through the development of empirical and theoretical laws 
useful in explanation and prediction. 

REDIRECTIONS FOR SCIENCE, EDUCATION 

It may now be proper to look ahead to what would be more pro-' 
ductive in science education. The look back has had only one 
product — we 'have not accomplished much. How should a science edu- 
cator be educated? 

1. There is serious need for the scientists of this^ world to 
become informed of the philosophic structures of the disciplines 
they. pur iue. The Ph.D. is a doctor of philosophy, yet many who 
possess such degrees have no acquaintance with^the philosophies or 
ethics that hpve produced the disciplines they dearly treasure". 
This is important because the science educators they teach and the 
teachers they teach tend to emulate the scholars or to use \7hat 
they learn from such scholars to teach '^chers. Thus 'science is 
presently often misrepresented. The eplstemology of science is ^ 
lost. The vocabulary that is precisely formulated is lost because 
the users do not know its proper function. 

The science educator needs to spend more time studying the 
individual disciplines under or with true scholars of the disciplines 
those who know the structures of specific concepts and laws and how 
the concepts and laws evolve. 
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2. There is serious need in science education for scholars con- 
cerned with the pedagogies of the elements of the disciplines of 
science. It seems that science educators have not found and will 
continue not: to find much help from curriculum experts. The past 
supports the opinion that so-called curriculum theory is a fine 
•'fun thing" Vo talk about; however, there really is no such thing. 
Curriculum in science refers to s^.'ience. There can be no science 
curriculum v/ithout science. It is hollow to talk about curriculum 
devoid of content. Yes, the educationists will not like such talk 
because they say "the curriculum theorists help to direct the nature , 
of the learning provided in the schools." To this I must reply that 
their effect is not significant. To know how to plan curricula one 
must know the potentials of the elements that make up those curricula. 
The benefits that may be derived from the study of science can not 

be known without knowledge of science itself. The potential of 
science is just as limited as that of other disciplines. 

The pedagogies of ^the disciplines are not singular because each 
discipline consists of many species of concepts, many types of laws, 
and many procedures of evolution. The concepts and laws vary from 
descriptive to quantitative. The level of mastery desired 'for the 
pupils varies from, recognition to application. How, then, can anyone 
really believe^iiT "a structure of teaching." Needed are precise 
structures f :>r helping pupils to learn a given concept or law with 
its sophistication defined to. a specific level of mastery. There 
are many structures of teaching rather than one structure needed. 

Along with this more precise knowledge of the component^ of a 
given learning outcome will come the ability to more effectively 
assess mastery. The area of interest -known as science education 
must develop a subset: measurement* of achievement in science educa- 
tion. The content, of science is unique, hence the me'^surement of 
achievement in science knowledge is unique. We should divorce our- 
selves from the traditional test construction experto irom educa- 
tional psychology. Realize if you vill that there have been no 
significant breakthroughs in test construction since the introduction 
of objective tests before 1920. ^ 

3. Every science educator should be aware that educational 
psychologists have contributed little or nothing to improve the 
teaching of science. How muQh more is there than this? 

' The maturity of the learner is a factor in learnii^g. 

♦ A learning sequence should proceed from simple to compl'^x. 

♦ A learning sequence should proceed from the concrete to 
thh abstract. 

♦ A learner learns best and most efficiently when he identJ-> 
fies that^ which is to be learned with himself and his values. 
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Note that the>e are really only commonsense statements. 



The developmental psychologists have been of some assistance 
by collecting evidence that enables educators to interpret behavior 
patterns in terms of norms and deviations from norms. Science educa- 
tors may benefit from some knowledge of the mental and physical 
developmental patterns of learners, 

4, The science educator should carry out detailed study of the 
philosophies of science: Carl Hempel, Karl Popper, Leonard Nash, 
Ernest Nagel, Philipp Franlc, Rudolph Carnap, Itrananual Kant, Sylvain: , 
Bromberger, Jonn Kemeny, Will iam Beveredge, Israel Scheffler, Wesley' 
Salmon, and others. 

The philosophies of science may lead the science educators of 
the future to form an epistemology that will enable them to dispose 
gracefully of such terms as inquiry teaching^ disoovery^ scientific 
attitude^ and so forth, to come to realize that there are no known 
algorithms for hypotheses and theory formation, to find that sci- 
ence has many limitations in terms of the benefits contributed to 
those who study it, to learn that the proper function of scientific 
concepts is that of enabling communication and the formulation of 
laws describing real or proposed uniformities in natural phenomena, 
and to understand that the procedures allowed by the ethics of 
science lead only to an understandable universe. 

Thus it may be said that the science educator must work more 
closely with the scientist than with those in edi ::ational sociology 
and educational psychology because the well-informed doctor of 
philosophy in a science discipline can help develop a sound series 
of empir'-!al pedagogies related to the specifics to be learned. 

It is futile to regret to have but one life to devote, however 
it is dishonest to keep to y9urself the inadequacies of the present 
system. It is essential that the community of scientists embark 
upon a campaign to redirect the teaching of science. They must not 
permit* the dissemination of erroneous beliefs about the personal 
benefit dci;ived from the study of science, ho * scientific knowledge 
comes into being, and how it evolves. A, self orrective. mechanism 
must be structured into science education if the same errors are 
not to .be consistently recycled, 
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REFLECTIONS ON TIE CHANGES WHICH HAVE OCCURRED 
IN SCIENCE EDUCATION IN THE PAST TIVI-NTY-FIVE YEARS 



T. R. PORTER 
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Sonoma State College 
Rohnevt Park^ California 



In 1953 I decided to abandon ''true scier e" to enter the field 
of "science education. ' At that fime there \sas a great difference 
in these tw^ areas, at least in the minds of some people. Science 
education had the attached stigma of only teaching t'^.achers how to 
teach with little or no consideration ^i^7en to their academic back- 
ground. No doubt this kind of program may have existed in some- 
teachar education institutions but there were several bright spots 
wheie both a solid ac^?demic background ^'as well as educational theory^, 
and actual, carefully supervised classroom teaching experience were 
required. Fortunately, the philosophy behind these well~b?.lanced 
teacher education programs has been adopted today by the .majority of 
the science teacher education programs.- 

Twenty-four years ago, and even earlier, there existed excellent 
science teaching in many schools at 'both the elementary<and secondary 
levels. But, generally, this was not universal. ,Nor was there much 
oppoi-^unity for teachers to be brought up to date; there was less 
opportunity for the many teachers with little or no, science back- 
ground to go back tc school and obtain the iiecessary information so 
they would be knowledgeable' and secure in teaching the more sophisti- 
cated science /they were required to dp. As a result in many schools 
any kind of an organized, continuous, coordinated science program, 
kindergarten through grade 12, did not exist cr was not used if a 
course of study was available. ^ / 

At the elementary school level true scientific programs were 
spotty. A number of individual schools and/or school districts 
had prepared good courses off study for the elementary grades. Some 
states already had up-to~dgte courses of study and in others efforts 
were being made to revise and update the science programs../ In many 
instances there was a K~l?. coordination, in other cases this con- 
-tinuity was not considered. As a result there v^as subject matter 
repetition to the extent that it turned off the students* science 
interest — permanently lu many cases. ^ 



211 



211 



Some surveys were made to determine the use made by the class- 
room teacher of the prepared courses of study- It was found that 
in some instances- only one-third use was made of these prepared 
programs; in other situations the course of study was not even 
available • This is not to say that there was little excellent sci- 
ence instruction in many schools but it does say there was no ^ 
national awareness of the need to do something about science instruc- 
tion K-12, Many courses at the college and university levels needed 
to be evaluated, too^ Now niany of the science courses offered at 
the college and university level have been evaluated and changes 
made which consider the incoming students' background as well as 
the new scientific research and discoveries^ 



QiANGE IN AmrUDE J 
TOIVARD SCIENCE EDUCATION 

There were probably twoXe^&nts responsible for the change in 
attitude on the part of schools and the general public • The first 
event which really had an impact on school administrators, 'teachers, 
parents, and the general public was the launching of sputnik* This 
advanced science education at least' 10 years* Everyone was con- 
cerned that the. United States was slipping from the top of the heap 
and the science programs came under careful scrutiny* Many school 
administrators were ready-to scrap their school's entire science 
program* Physics, where enrollment had dropped to an all-time low, 
'was now looked upon in asdifferent light* , Mathematics also became 
more important; instead of being scrapped it even became an impor- 
tant part of the physics course again* ,> 

The second event which had a long-range impact was the initi- 
ation ,of the Physical Science Study Committee (PSSC) curriculum 
development at the Massachusetts Institute of Technology (MIT) in 
1956* This sent shock waves through special groups — high school 
science teachers (especially those teaching physics) and some 
college physics faculties* Thes6 shock waves increased in scope 
as this program spread to different schools* It al^o had an impact^ 
on those people writing high school physics textbooks* They not 
only reorganized the content but modernized it* 

Fortunately, today the general attitude and information con- 
•-cerning Science and science teaching have changed. Rarely does 
one hear> the question "What's that?" when the phrase science 
education is used* Nor do parents raise the question as to why 
elementary and' secondary teachers need special help in science—not 
only content-wise but also to be informed of the many different ways 
a topic can be 'presented to the students* The general public* (aad 
especially parents of elementary school age children) know^that 
children in this age bracket are c^apable of understanding science 
dnd are interested and reteptive to it* 
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In the ^ early 1950s organization of the National Scien'je Founda- 
tion (NSF) was just under way. The foundation had a very small 
budget and a congressional mandate to initiate and support programs 
to strengthen science education at all levels. At first there was 
some question as to the best way to proceed. There seemed to be a 
feeling by some people that the emphasis should be to encourage 
scientific research only — certainly an important aspect. Others 
interpreted the congressional mandate to include the strengthening 
of science teacher training and science course improvement programs 
such as PSSC physics. Fortunately, a farsighted interpretation gave 
: the foundation's services a broad base. Certainly basic research 
^was essential to the development and survival of our country but 
for this to continue the future generations of potential scientific 
researchers must be provided with the opportunity for a solid up- 
to-date background. NSF's impact on course improvement and science 
teaching is without question. Its grants for in-service, summer, 
and academic-year programs for teachers provided the incentive — 
both psychologically and monetarily — for many teachers to go back, 
to school and be brought up to date on the latest scientific research 
and teaching methods. Some of these teachers have continued their 
education and are now research scientists. Thus, both goals of NSF 
have been attained. 

As mentioned earlier, the first "experimental" science program, 
that of PSSC organized or founded in 1956 at MIT aimed to develop ^n 
improved introductory course- in high school physics — something which 
was badly needed. This program was sponsored not only by NSF but by 
the Ford Foundation and the Sloan Foundation. The impact of this 
program was much broader than just to improve the teaching of physics. 
It served as the model and catalyst for evaluating and restructuring 
programs in biology, chemistry, ana earth science at the high school * 
level. Its impact was also felt at the junior high school and even 
.the elementary ^school levels. As science curriculum improvement 
projects in the other sciences were developed, taught in pilot schools, 
improved, and expanded to the junior high and elementary schools, a 
true renaissance in science education was at hand. The impact of 
these programs has been felt at the college and university levels. 
The impact has even been reflected in many of the longtime used so- 
called traditional science texts at alJL levels. Many exciting and 
instructive visual aids have been developed and much thought and 
research has been devoted to the evaluation of these new approaches 
to science teaching. As a result many changes have taken place in 
the past years in both the teaching a'pproaches and content. 

A probable spin-off from all of this change has been the con- 
tinued, but increased, interest and concern about the environment. 
An increasing percentage of the population was becoming concerned ^ 
and frightened about what we were doing to. "tfuir environment but 
little was being done to correct the situation. Thus, the time was 
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ripe for another catalyst like sputnik. This came in the form of 
gasoline rationing and price increases. Again the direction, 
interest, and concern have been modified, and for the good of man- 
kind. Science is still playing a most important part in this great 
concern about our environment. To understand and determine environ- 
mental impacts, a broad science background is essential. If any- 
thing, there is now the opportunity for down-to-earth, everyday 
applications of science; not only to understand the reason for the 
concern about our natural resources but to be able to judge whethet 
the so-called environmentalists are accurate and reasonable in their 
evaluations . 



FirrURE BPHASES IN SCIENCE EDUCATION 

What should be done to keep pace with future developments in 
science? Certainly greater emphasis on in-serviQe, summer, and 
academic year programs. This accompanied by more stringent . require- 
ments for the teachers to attend one or more of thejie special pro- 
grams within a given time frame. It would be hoped that this would 
direct the teaching philosophy to a teacher-directed, . rather than 
a teacher-dominated, learning situation. The result would be 
greater direct involvement of the students in the experimental and 
research approach to learning. Even kindergartners are capable of 
simple research projects which may be overlo^oked as such by adults. 
This often happens., because these simple projects at the kinder- 
garten lever seem s'o simple, but to the young child these science 
activities may be as difficult and intriguing as Louis Pasteur's 
experiments were to him. 

In connection with teaching biology at any grade level — where 
possible and practical — ^more time should be spent in the field. 
Thus, the students have the opportunity to make firsthand obser- 
vations and record data. Too often biology has been taught with 
dead materials which means that the students really don't see life 
in action. Field work also prp'^>ents the opportunity for students 
and teacher to develop a differ kind of relationship and often 
this makes the learning process wuch more viable. 

Another necessity on a continuing basis will be to evaluate 
carefully the individual science courses as well as the entire 
science program. The appropriate and timely topics, or courses, 
should be retained and new information added to keep pace with the 
times. 

In the years to come it is hoped there will be as much new 
information, research, and development as in the past 10 or 15 
years. Doubtlessly there will be terms used that would be com- 
pletely strange to us today. The younger scientists probably will 
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be speaking a language that will not be understood by many cf 
today's scientists — unless, they keep abreast of the research being 
published. For this reason it is so essential that included in the 
teacher education requirements of the years to come will be an 
emphasis on the new information and concepts based oh the current 
research of the times* 

Much of the science fiction of today may be the science of 
tomorrow. For this reason as well as those mentioned before, the 
science programs at all grade levels must emphasize the way a sci- 
entist does research as well as what he has learned. Now that 
science has become an important and universally accepted part of 
the curriculum it is essential that those responsible for curriculum 
development, teacher education, in-service programs, and action 
research will continue to maintain, or even elevate, the various 
aspects of science education^ 
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fessor of Science Education. 

Dr. Schlessinger was an active member in numerous organizations 
including NSTA, NARST, AETS, AAAS, NSSE, MA, throughout his' career. 
In addition to various committee responsibilities he served as 
regional director of AETS in 1963. Dr. Schlessinger al^o directed 
the NSTA 1961-1962 ' facilities study. 

Besides his regular duties in science education at OSU, Dr. Schles- 
singer also 'directed numerous NSF simmer, inservice, and academic 
year institutes between 1968 and 1971. In 1965 he served as coor- 
dinator of 33 summer science and mathematics institutes for college 
and university teachers in India as part of a U.S. AID project, ^ 

Dr. Schlessinger has published articles in science education and ^ 
education journals. He served as editor of the second edition of 
the Science Facilities for Our Schools K-12 published in 1963. Dr. 
Schlessinger was major coauthor of d suminary report of a national 
survey of secondary school enrollments. He^also provided editorial 
services for School Science & Mathematics and The Science Teacher . 

Dr. Schlessinger ^s scholarship and service have been recognized. He 
was awarded a senior biology scholarship, the Pessman Award, while 
at Colorado State College^ of Education. He was also elected to a 
number of education and science honoraries including Phi Delta 
Kappa, Kappa Delta Pi, and Alpha Psi Omega. While teaching at 
^Edinboro, Pennsylvania, he was cosponsor of the chapters of Beta 
Beta Beta, ){appa' Delta Pi, and Alpha Psi Omega. 
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In the biceiirfennial year as the nation recalls the history^ of 
our social and political achievements, those of us who have been 
involved in science education reflect on the origins and develop- 
ment of science teaching in our secondary schools. We recall that 
tlie early academies often included some natural and physical sci- 
ence courses in the curricula. When the English grammar school 
first appeared some science was offered. As the public high school 
developed over the century a variety of science courses came into 
existence. Some of the course titles remain to the present while 
other courses gradually faded away. 

By the middle years of the twentieth century the most common 
science courses in secondary schools included general science, 
biology, chemistry, and physics. In che early part of the 1950s 
leaders in education and industry were concerned about the lack of 
student interest -in science and mathematics. There was also great 
concern about the small number of talented students going on to 
higher education (3). Leaders in both industry and government 
pointed out^ the related problem of a lack of scientific and tech- 
nological manpower. A number of writers pointed out the comparative 
figures of the numbers of graduating engineers and scientists coming 
from American and Russian colleges and universities. John T. 
Rettaliata reported that 



These ^concerns led -to a study of the lack of motivation of ' 
high school graduates to attend college. The conclusion was that 
the quality of instruction and guidance in our high schools needed 
to be improved. The assumption was made that the cause of this low 
Motivation was due in part to the type of science and mathematics 



From 1951 to 1954, inclusive, the universities and colleges 
o£ this country graduated some 116,000 engineers. In 
Russia, the reported total for the same years was 154,000 
(2)- 




It was also 
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discovered that many capable high school teachers had left teaching 
for higher paying jobs in industry, A study of "Teachers! Salaries*' 
showed that the average income of the teachers was about 10 percent 
lower than that of the national labor force in the years 1954 and 
1955.(5). 

A study of high school science teachers showed that 

In 1954, 5700 new science and mathematics teachers were 
employed. ... Ox . ze 2300 were new college graduates. 
Of the 3400. others, some were with excellent preparation 
returning to teaching after varying lengths of absence. 
But others of the^3400 were hired simply because no better 
qualified candidates were available (6), 

/ 

THE BEGINNING OF INSTITITFES 

A nuir'jer of programs for science and mathematics teachers had 
been established by the middle of the 1950s. Most of the early 
programs took ^e form of summer institutes, "Stated objectives 
of these progrartDS usually began with an intended raising of the 
' subject matter competence of the teachers. In 1956 six industries " 
and two private foundations had establdshed summer programs for 
science and mathematics teachers. Some of the leading colleges 
and universities were involve'd with the institutes. 

In 1950 an act of Congress established the National Science 
Foundation (NSF) . Th^ purpose of this legislation was to develop 
and encourage the pursuit of a national policy for the promotion 
of basic research and education in the sciences. Under a broad 
interpretation of the charge placed on it by Congress, the founda- 
tion established a number of summer institutes. The plannrirs 
stated that the institutes should be designed to help high-school 
and college teachers of science increase their subject-matter 
competence (1) . " 

The ^growth of summer institutots was phenomenal. NSF established 
the first two in 1953 and by 1957 they were supporting 95 institutes 
at various colleges and universities across the country. Growth in 
the number of these institutes continued for several years but at a 
slower pace. At the same time a number of the earlier sponsors of 
institutes gave up- the field to the NSF programs. 

The colleges and universities that were granted support for 
institutes developed many new courses especially for teachers, 
frequently assigning their best professors to teach these courses. 
Emphasis was placed on presenting the meet recent developments in 
the various academic fields. To some extent an effort was made to 
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show the interrelatedness of the various scientific disciplines • 
Only minor attention was given to teaching techniques except through 
example* 

NSF was interested in other means of improving science and 
mathematics teaching in secondary schools* A number of curriculum 
programs were developed starting with the Physical Science Study 
(PSSC) • Summer institutes and workshops were developed and funded 
for the specific purpose of Acquainting high school teachers with 
the specific curriculum materials of their teaching fields. Such 
programs were reasonably successful in updating the curriculum in 
science and mathematics in a large number of schools. 

Other innovations in science teacher education have been 
developed over the years'. Some of these include the sequential 
summer institutes, the school-college cooperative programs, and of 
course the academic year institutes. The various programs often 
increased' in importance only later to be modified or phased Out! 
All the programs have had an effect on science teacher education. 



THE ACADEMIC YE/vR LNSTITLrTE 

The Academic Year Institute (AYI) was developed for the purpose 
of giving outstanding young teachers an opportunity far a concen- 
trated year of study. ^The numbers of these institutes in major 
colleges and universities increased during the 1960s. Late in that 
decade a change in support by NSF made it impossible for many co] ages 
and universities, to continue operating the academic year programs. 
The number of science and mathematics teachers reached by this pro- 
gram was substantial but in terms of total number for all types of 
programs it was rather a modest undertaking. 

^ Some of the outcomes of the AYIs were not intended. However 
the long-term effect of these institutes may be greater than all 
the other programs combined. NSF intended for the participants in 
the programs to return to the secondary schools an^' become leaders 
in their teaching fields. Many teachers did return to the public 
and private school syste^)*^ where 'they are uoing outstanding work, 
some in the classroom w>p'le others have become supervisors. How- 
ever, a substantial, number of the participants in AYIs reinained at 
the college Jr university long enough to obtain an advanced degree. 
Many of thosB who completed the doctoral program may now be fourd 
in universitfLes and colleges all over the country. They are 
usually wor/ing in some phase of science or mathematics teacher 
education. 
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LOOKING BACK 



After nearly 20 years of institutes it seemed important to 
take a look at their impact on science teachers and on science 
teacher education. A survey of science teaching in public ■ schools 
of the United States was made in 3 971 by a team of researchers 
(4:98-100), The survey was perhaps the most comprehensive study 
ever made .of the conditions of science teaching in this country. 
It should serve as a bench mark of data for future studies of sci- 
ence teaching. 

: / 

Of the many findings resulting from the study the effects of 
institutes on the teachers and on the curriculum seem noteworthy. 
Even after^ the loss of secondary school teachers to the colleges 
and universities 9.2 percent of the science teachers remaining in 
public schools had participated in an AYI. This did not include 
former teachers who because of their institute training had remained 
in the public schools but had taken on administrative positions. 
Over 50 percent of the science teachers in the study had partici- 
pated in at least one suuimer institute. Because of sequential 
institutes and other liberal rules many teachers had gone to several 
summer programs. 

Institutes and workshops were couunonly provideH for teachers 
who were adopting a specific ..»cience course improvement project. 
Of the teachers responding to the study it was found that 53.9 
percent had attended such a workshop or institute. At^the^ime 
of the survey, 1971, it was found that 71.7 percent ,of the teachers 
had not participated in a NSF sponsored Inservice Institute (ISI) . 
Since the survey was conducted fftuch greater emphasis has T^een 
placed on the school-college cooperative programs. Thus the figures 
for in-service work will have changed. 



The science education departments in many colleges and univer- 
sities have from one to several former institute participants on - 
their staff. To a large exteni:- these staff members have^ shown 
their creativeness by developing a variety of innovative science 
teacher education programs. Whether an assumption can be made that 
their experiences in institutes are, responsible for ir inventive- 
ness is not important. What is important is that constructive 
changes are taking place and will continue so long as we can have 
such highly motivated teachers interested in science teacher education. 



LOOKING FORW/vRD 
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Herbert A. Smith was horn' in Nebraska in 1916. Almost all of his 
formal education was in NebrasKa schools. After graduation from 
high school he att^.nded the University of Nebraska from which he 
was awarded all of his higher education degrees: hie 'B.S. in 1938 j 
his M.A. in 1941^ and his Ph.D. in 1948. 

Dr. Smith held secondary science teaching and administrative posi- 
tions in Nebraska sc^iools from 19S8 until 1944 when he entered the 
United States Navy. After leaving the Navy in 1946j he joined the 
University of Nebraska faculty as a part-time instructor in science 
education. He was promoted to Assistant Professor in 1948 and to 
Associate Professor .in 1951. In 1953 Dr. Smith joined the faculty 
of the University of Ka^isas as an Associate Professor and Directox^ 
of the Bureau of Educational Research and Service. He was promoted 
to Professor in 1955. Dr.^ Smith remained at the University of 
Kansas until 1962. He was a sumher visiting Professor to the 
University of Maine in 1962. From 1962 until 1964 he served as 
Professor and Head of the Department of Secondary Education at the 
Pennsylvania State University . After having spent the summer of 
1963 as visiting Professor at the University of Colorado, Dr. Smith 
returned to the state in 1964 as Director of Teacher Education and - 
Head of the Department of Education afi Colorado State University . 
He has held various administrative positions from Associate Director 
of Education to Assistant to the Academic Vice President at Colorado 
State University . 

Dr Smith has been an active memBer of numerous professional organi- 
zai ons including NARST, NSTA, AETS, AAAS^ NBA, and the Colorado 
Education Association. He was elected a fellow of the AAAS and has 
held a number of positions in the Education Section of AAAS. Dr. 
Smith served as president of NSTA in 1958-10 59, of NARST in 1961, and 
of AETS in 1964. He has also been an active member and officer in 
the Association of Deans and Directors of Colleges of Education of 
State Universities and Land Grant Colleges, holding the presidency 
in 1969. 

In addition to his administrative duties Dr. Smith has seroed as a 
consultant to the U.S. Office of Educatioyi and,^ to science film, 
encyclopedia, and supply companies. He also served on a U.S. AID 
mission to Thailand in 1971. D7\ Smith has actively researched and 
published throughout his career. He has authored^ a biological 
science textbook and coauthored an elementary science series^ 

Di\ Smithy's scholastic ability was recognized with two scholarships 
while attendiytg the Universi ^y of Nebraska. His service to science 
^ education was recognized by NARST in 1962 loith a Distinguished 
Service Citation. 
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It should not be too much of a surprise If a survivor of the 
Dust Bowl of the thirties and the Great Depression which accompanied 
it and one who later survived nearly two years of active duty in 
military service in the Southwest and Westerly Pacific theatre during 
World War .II should look with a somewhat jaundiced eye on the world 
which affluence has produced • Since others are more likely to write 
in the tradition of a bigger and better AmSirjca and the great pro- 
gress which they perceive to have been made in science education, 
it is perhaps not entirely inappropriate to take: an alternative point 
of view and to examine whether or not the progre-^s made in the last 
four decades inay be more illusion than fact. \ 



THE AMBIENT CULTURE 

The winds of chahge have swept over my genej'ration with tornadic 
intensity and have left the debris of shattered [life styles, customs,^" 
and values in their wake. There have been greatj social upheavals in 
the past, but it is doubtful that even the crumljling of the Roman 
.Empire before the barbarian avalanche, the depredations of Tamerlane 
in his immense operations from the Mediterraneai| to China, or the 
Red Revolution had any more fundamental effect On the life styles 
for those who were iucky enough to survive than | the social and tech-^ 
nological revolution produced in this country in the last half gentury. 
The raising to a high state of technological efficiency of devices 
for communication and transportation as exemplified in the radio, 
television, the automobile, and the jet airplane, accompanied by 
equal technological proficiency in the productipn of food and of 
most other consumer goods, has created absolutely unique social 
conditions; conditions which we are not yet able to accommodate 
Richer politically, economically, or socially. ! The current chads 
in these areas at city, state, and national levels only too clearly 
testifies to the accuracy of this assessment. ' 
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The schools have been caught in the maelstrom of change and the 
sodial disintegration which has accompanied it. They have often been 
the targets of unjustified critici'sm and the ^victims of the propaganda 
technique of scapegoatism. The schools cannot rise above the society 
which sustains them and they will reflect to a greater or lesser degree 
the same ills that are found in the larger society • To expect children 
to be disciplined at school when they are not disciplined at home, to 
demonstrate sound work habits and energetic application to assigned 
tasks at school when they are required to do nothing at home — ^when 
they are overindulged, neglected, with too much money, too much 
"empty" time, and with too little guidance outside of school — is to 
expect that which is highly unlikely. For the schools to produce 
model students would indeed require a miraculous transf ormation. 

The real .crisis of our time is a crisis in values. The concept 
of value is an exceedingly complex one. However, ic might be instruc- 
tive to consider a few aspects of this thorny subject. Subjectivity . 
is inherent in all values and it is impossible to separate the indi- 
^vidual valuer from the evaluated,- I have a pet dachshund of which 
I aia very fond. Although it is a simple one, Fritz has a value system 
of his own and unlike numerous ^collegiate undergraduates and a sprin- 
kling of faculty he is certainly not confused about what values he 
holds. He indicates a decided preference for a nice soft rug rather 
than the bare floor to sleep upon and he prefers warmth to cold and 
dryness -rather than wetness. He certainly prefets meat scraps to 
his- perennial dry dog food, Fritz gives us a picture of valuing as 
a matter of choice, a choice among alternatives, H.'s behavior also 
reflects that values are the bases and the determinants of behavior, 
^ But as fond as I am of Fritz, his valuing system has some severe 
limitations as viewed from my perspective. There should be a not- 
able difference between Fritz's determination of values and the human 
approach, Fritz is a "now" creature. For him the present is all 
there is; he reminisces on no yesterdays nor anticipates any tomor- 
rows. The consideration of the consequences of choices and the 
adding of a time dimension .are characteristically human modes of 
behavior and beyond Frifz's' capabilities. If we think of this ob- 
servation in terms of the long evol. t:uonary development of man, 
perhaps thi^ characteristic may have oeen the critical difference 
which gave rise to civilization. The domestication of plants and 
animci, s was a critical factor in laying the basis for civilization 
and permitted man's rise above- the level of savagery. Because he 
could anticipate consequences man learned to conserve his breeding 
stock and to save seed for planting another crop. 

What are the implications of such an observation applied to 
the current generation which has bfeen described as the "now" genera- 
tion? It is precisely because man outgrew the "now" concept that 
he is man and a civilized being. He was able to weigh antecedent 
* and consequent. He was able to defer the immediate for a larger. 
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later benefit. What connotations does this kind of thinking have 
for the permissive society in which we are engulfed? *'Do your own 
thing'* is a standard cliche* and an'aberrant notion of freedom in- 
tellectually supported by Sarte, Camus, and Marcel brands of exis- 
tentialism runs rampant. The test of the desirability of an act 
seems, to be .the amount of immediate gratification it will yield. 
It is divorced from time and consequent. Justification for such 
ultimate e^oqentricity finds intellectual support in existential 
dogma which * ...can hold that human existence projects itself with 
absolute ^freedom, itsplf by itself, thus assuming to itself the 
function of God (3). But if we are to embrace such doctrine^ then^ 
we are reverting more to an animal .level of behavior and leaving our 
humannejss behind. We are operating at Fritz's level of vafuing. 
Juch philosophy, of course, is^ not new. It is probably as old as 
man and Louis XV 's famous apres nous le deluge is a classic illus- 
tration from history. In literature we find another perfect example 
from the^Ruba iyat 

Some for the glories of this world; 

And some sign for the Prophet's Paradise to come; 

Ah, take the ca$h, and let the credit go; 

Nor heed the rumble of a distant drum (12). 

It is only the extent to which the Sartf., Camus, and Marcel types of. 
existentialism have been implemented and practiced which is new and 
which, at least from the perspective of the writer, is the^ tragedy 
of our time. It is basic to both communist and such existential 
doctrine that the end justifies the means. "Doing your own thing" 
is the au aourant philosophy and mirrors Marcel's dictum that every- 
thing beyond the individual ±3 a minus sign. Although it is extolled 
as a liberating and humane development it is actually quite the con- 
trary. Pushed' to its logical consequences it is the most amoral, 
self-centered, and self-seeking doctrine that can be imagined. 
Clare Booth Luce has recently written of the insidious affect on 
today's youth generation of such philosophical nihilism. She states: 

The rise ^in this decade in juvenile muggings, armed rob- 
beries, rapes, car thefts, prostitution, drug peddliilg, 
drug-taking, *and alcoholism is horrifying. In the most 
affluent society on earth, more than five billion a year 
are purloined by youthful shoplifters. Youthful vandal' n 
co&ts our society another several billion annually. . . • 
The parents, teachers and professors of today's young 
rebels were in their cradles when the intellectuals pro- 
claimed "the death of God," the "Old Man" of the entire 
Judeo-Christian tribe and began to scrap the moral stand- 
ards by which Western society had judged right and wrong, 
good and bad, desirable and undesirable human conduct for 
centuries. The parents, naturally enough, became 



^'permissive/' But their children were also in their 
cradles when — in the sacred name of free speech — the 
liberal intellectuals defended in the Supreme Court the 
right of publishers, play and film producers to flood 
America with filth. The merchants of porn, grue, perver- 
sion and violence, became millionaires. The kids who were 
nurtured on them are today's hop-heads and alcoholics, 
fire-bomb throwers and thrill-killers (6)/ 

The anarchy in values is-^ reflected oi\ the educational scene in 
many other ways; the attack on grading practices and standards in 
general, the attack on properly constituted and exercised authority, 
the demand for relevance (along with the "obvious" corollary that 
students could, of course, determine for themselves what was relevant), 
the student involvement movement, and-^the vigorous att^ack made on 
rules, regulations, and procedures are all indicative of the crumbling 
walls of established values. 

Two other aspects of values which seem worthy of mention at 
this point are the common acceptance of the ideas that one value is ' 
as good as another and that any individual has a right -to hold any 
values he desires. Both of these positions seem transparently false 
but they are seldom challenged and they are capable of immense harm. 
Values are important because they give direction and consistency to 
behavior, Man is a social aniqial and he lives in a social world and, 
therefore, his behavior has social consequences. It is not possible 
to be oblivious to these consequenx:es. We are fundamentally and 
ultimately concerned with the values which people hold because of 
the impact of values on individual and' social behavior and on social 
interaction. If this be trpe then some values have more social util- 
ity than others and individual man cannot unilaterally determine for 
.himself what values he will hold, A democratic society cannot long 
endure value anarchy for values are the social cement which makes 
productive social intercourse a'^ossibility, John P, Wynne has made 
a thoughtful analysis of the theory of free choice whicb is highly 
apropos in the context of this discussion (15), 

t ' 

This then is a vignette of the kind of social milieu in which 
schools and science teachers must operate. And it is the milieu' 
which creates many of the problems vjith which schools must contend 
and for which schools are often erroneously blamed, 

BIG TIME SCIENCE 

Since the Great Depression' science has certainly prospered, but 
it has been an uneasy prosperity fostered by wars, both hot and cold, 
and by interna^'tional struggles -for technological supremacy and 
nati9nal prestige. Federal agencies with science oriented missions 
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have proliferated^ In this period one of the great educational 
landmarks has been the National Defense Education Act (NDEA) which 
was passed for compelling political reasons rather than for pro- 
fessional ones. The period has seen the flowering of the concept 
of categorical legislation and the rapid politicization of science. 

Science, particularly high energy physics, and the technology 
of war and space became immensely costly. Science, and especially 
physics, as the premier discipline of our times became big business. 
One need only look at the buildings erected on campuses across the 
nation in the last two decades to see the physical manifestations 
of the support for science and the impact of the mechanism of cate- 
gorical aid. Although xt s^ems probable that support for science 
and related activities has now passed its peak and that we may be 
returning to a period of a more "normal** level of support, the im- 
pact of the .tremendous categorical financial support for science of 
the last 25 years will be felt for decades. 

but science has not enjoyed the fruits of tremendous economic 
support without paying a price. One does not have to look far to 
find critics who assert that science has prostituted itself in the 
interests of war and war technology. But perhaps the more insidious 
effects are less obvious. The use of the device of categorical aid 
for science and other preferred programs has created a host of prob- 
lems. It has created a status hierarchy of haves and have-nots on 
many campuses with glaring inequities in facilities, salaries, and 
expense budgets. The requirement of matching money for the federal 
dollar has frequently resulted in. draining needed funds from other 
needed but not federally supportable programs to support programs 
or facilities which were already heavily subsidized. 

On the professional side, a generation of "grantsmanship" 
scientists has developed. Research proposals are drafted today with 
an eye toward the climate ^in Washington and what is most likely to 
be funded. The historic procedure in which a brilliant new insight 
was conceived which needed to be explored, with money then being 
sought to test the validity of hypotheses drawn frAm it, is now more 
or less passe. The long-range implications of such a trend is that 
the direction of research and development is politically, rather 
than professionaly , determined. The political intrusion into genetics 
exemplified by the Lysenko affair is a classic example of the sterility 
resulting from political intervention in a professional area. Further- 
more, graduate students find that typically their freedom in selecting 
research problems is restricted to problems related to funded projects 
in which their advisor is the major investigator. In some' cases the 
thesis problem is already fully defined and handed to them. 
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Whether graduate students are being exploited in such a system 
is moot but it might certainly be argued that one of the purposes 
of graduate study and research is the development of skills and in- 
sights sufficient to identify, define, and explore an appropriate 
problem and that to deprive students of the opportunity short-changes 
them in part of their education and often reduces them to technicians 
roles • Unfortunately what has been said above also applied to sci- 
ence education and education in general although to a lesser degree • 

The encroachment of the federal government on education at all 
levels is a serious and growing problem. The judicial and legisla- 
tive determination of educational policy is a dangerous 'trebd. Con- 
trols are exercised through the legislative processes including 
categorical aid and the bureaucratic rules-making authority of 
federal agencies • The regulations are enforced generally through 
the threat of withholding of federal funds and more occasionally 
through recourse to the federal courts T The intrusion of the federal 
government in such diverse matters as the busing issue, civil liber- 
ties, student discipline, and affinpative action along with special 
interest legislation are examples of federal intervention ixy^e 
educational process. It appears as an interesting and Ironicjfact 
that former secretary of Health, Education and Welfare, David^ Matthew 
while he was president at the University of Alabama, made the follow- 
ing damning statement about external regulation • He stated that such 
regulation threatened to: * ^ 

• • • bind the body of higher education in a Lilliputian 
nightmare of forms and formulas. The constraints emanate 
from various accrediting agencies, federal bureaucracies, 
and state boards, but their effects are the same: a 
diminishing sense of able leadership on the campuses,! a 
loss of institutional autonomy, and a serious threat to 
diversity, creativity and reform. Most seriously, that 
injection of more regulation may work against the account- 
ability it seeks to foster, because it so dangerously 
diffuses responsibility (13) • 

I The mechaniam of categorical aid, the threat of the withholding 
of if ederal dollars, and the judicial system have been the primary 
\^pons of federal intervention in educational policy, curricula, 
and operations • Thoughtful educators must question whether the old 
"carrot and donkey" metaphor used to describe government efforts to 
induce educational changes deemed necessary or desirable have not 
given away to a "mule and bullwhip" analogy in which the mule is 
forced down a path and in a direction determined by bureaucratic , 
edict buttressed by legislative and judicial sanctions* Clearly 
a fundamental issue is the question of whether the contribution of 
federal dollars, often a small percentage of the institutional 
budget, should be able to mandate the manner and the method of 
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expehding nonfederal dollars. To this writer, there should be no 
issue since the constitution does not provide for the control of 
education by the federal government. It is therefore an unwarranted 
usurpation of federal authority and an invasion of state and locr 
rights to do so through the modality of federal fiscal, bureaucratic, 
and judicial intervention. 

What most concerns me is the basis for the decisions made about 
education in federal agencies and my lack of confidence in the process . 
A short tour of duty (20 months as chief of the Science, Mathematics 
and Foreign Language Section) in the Office of Education (USOE) was 
extremely revealing as to the political vis-a-vis the professional 
nature of the decision-making process. Although I had served on 
active duty as a commissioned officer in both the Airmy and Navy and 
am a veteran of World War II, I was not prepared foi: the "chain of 
command" style characteristic of USOE. Where a professional orienta- 
tion was expected, a much more militaristically oriented organization 
was discovered. In. short, federal agencies do not exude a climate 
conducive to the best prof essinaal decisions ; they are far too sensi- 
tive and, in all fairness, perhaps too exposed to the political winds 
which forever blow from the two ends of Pennsylvania Avenue. ' 

In spite of the tremendous prestige which science has enjoyed in 
the recent past it has apparently failed to reach the thinking, and 
influence the behavior, of the large mass of people. It has no%been 
particularly successful as a humanizing and broadening discipline. 
It is, indeed, ^a peculiar spcial anomaly, that at the very time sci- 
ence and technology were achieving their greatest" triumphs we should 
see a rise in the public interest in and in^^olvementjivith ^various 
occult mysticisms, astrology, and self-proclaimed psychics. NtSnerous 
other examples of recourse to nonrational bel^avior ranging from a 
belief in ouija boards to damaging health practices including diet 
fads that havp absolutely nothing to commend them and to drug addic- 
tion"-have become commonplace. It is a rather amazing fact-^that re- 
cently a group of 18*6 scientists, including 18 Nobel prize winners, 
felt that it was necessary to set forth their views invalidating the 
pretentions of astrology (10). 

On another front, we do not seem to have been notably success-^ 
ful in persuading all Americans that natural resources are finite 
and we have not made notable progress in getting Am'^^ricans to change 
their life styles to ways which are substantially less costly in 
terms of the energy inputs required. As a people we arei not yet 
committed to the need for sound conservation practices. We are waste- 
' ful and prodigal in the ,use of materials and energy. We appear to be 
convinced that the road to Utopia leads always in the direction of 
higher and higher standards of living. 
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Science has been r\^htfully promoted as the hope for the future 
to provide food, fabric, Shelter , and health care for the multitudes 
but the dark side of scientific achievement has not escaped attention 
and has produced concern and anxieties in the masses of people* The 
significance of the obliteration of Hiroshima was not lost. The 
atomic bomb was only another weapon of war made possible by scientific 
discovery and technological applications, but it was an "ultimate" 
weapon. For the first time the power to destroy the whole earth 
passed into the hands of men. Other leJS' dramatic, but potentially . 
equally destructive, developments include herbicides, nerve gases, 
human cloning, and extraordinarily lethal pathogens. The genetic 
tinkering which scientists .have been doing in constructing hybrid 
models of DNA and the dangers inherent in the process have been of 
great concern to scientists themselves (4). 

These and other developments may have caused much disenchant- 
ment in the young causing them to look to other fields and in soma 
cases to revert to mystic, nonrational behavior. The uncertainty of 
the future, the perception of the triviality of the individual in 
the face of the cosmic forces unleashed, the perception that; both 
gods and men have feet of clay have all helped to provide a fertile 
seed bed for the philosophical nihilism reflected in so much of the 
current social scene. 



THE TEAQ-IER AND THE SCHOOL 

As schools have become more costly they have become increasingly 
under intense public scrutiny. And there has been increasing con-^ 
cern whether or not more costly education is necessarily any better 
education. A considerable amount of objective evidence does not 
suggest that it is. And although schools are frequently blamed for 
perceived failure to accomplish that which society expected it is 
doubtful whetiier the school should be asked to bear the blame fully 
or if indeed even a major portion of it. The authority of the schools 
and the teachers has been progressively eroded. A spate of court 
decisions has"" adversely influenced the schools ability to control and 
direct education and overly solicitous parents have intervened directly 
with the schools, with school board members, and in the courts to in- 
fluence or change educational policies. So successful have been their 
efforts that schools have often failed to take actions which they knew 
to be proper and effective because they <Hd not wish, to face community 
harassment or the possible legal sanctionb which a liberal judiciary 
was all too likely to impose. Judges have not been reluctant to 
assume the role of arbiters of educational policy although they would 
be the first to ruffle if educational leaders would have the temerity 
to suggest appropriate judicial policies for the legal profession. 
The result is that the schools are often essentially leaderless and 
they are prey to every passing nuance of pressure in the community. 
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The high cost of education has also caused governments at all 
levels to look for a more efficient educational system. The appli- 
cation of business and industrial methods to education seemed to 
many to be a logical direction to take. Thus a whole new set of 
procedures and terminology has developed in education acc ^panied 
by the usual acronymic array in all its glory, including VPJS (Plan- 
ning, Programming and Budgeting System) , CBTE (Competency Basad 
Teacher Education), PBTE (Performance Based Teacher Education), 
PERT (Performance Evaluation Review Technique), WILKITS (Weber 
Individualized Learning Kits), and others. We have seen the rise of 
behavioral objectives which have probably done some good and have 
given better direction to teaching and had a wholesome influence on 
planning for» and evaluation of, instruction. On the oth^r hand 
behavioral objectives are far from a., universal panacea and J.*Myron 
Atkins, Lee Cronbach, and others have ably identified their limita- 
tions. Many of these developments have tended to mechani'je the 
process of education and the use of such terms as inputs outputj 
feedbackj product^ veayole^ system^ contract^ and othe^r terminology 
drawn from the business and industrial world are indicative of the 
trend. Aocomtability.ls_. one more shibboleth foisted off on the 
educational s^st^inJ^an^d^^^ another industrial procrustean bed more 
or less misappii4d' to a humanistic enterprise. 

An examination of the research literature in science education 
reveals that- whereas 35 years ago the conceim was with science con- 
tent, principles of science being a particularly big concern at that 
time along with concern for teacfiing methodology, a far highey pro- 
portion of the research can now be described as pupil oriented. This 
-is but one more example of "the anomalies we have in education where 
the educational process seems to be becoming increasingly mechanically 
and industrially oriented whereas research seems to be drifting more 
and more in the direction of focus on the student as person. 

Much has also happened to teachers and their -role. A quarter 
of a century and more ago professional associations really were pro- 
fessional associations. The name seems inappropriately applied to 
many organizations of teachers today. The organizations are now 
essentially welfare groups and the vocabulary of their meetings and 
committee work relates to professional negotiations, tenure, salary, 
working conditions, grievance procedures, arbitration, political 
platforms, and similar concerns. Teachers definitely have moved 
from professional orientation to a union orientation. ^This has tended 
to shift teacher focus from curriculimi-teaching processes and students 
to legiStalation, committee work on welfare concerns, and union tech- 
niques i'n meeting problems. It has separated even further the ad- 
ministrative and teaching staff and further weakened the administrator 
ability to lead. The rapid turnover in administrative personnel is a 
reflection of the difficulty and frustrations experience'd 1/ typical 
administrators . 




In spite of all the alleged innovations in education and the 
immense amount of money spent on science teacher inservice education 
and mostly National Science Foundation (NSF) science curriculvrm pro- 
jects, we seem to have a less efficient system of education and a 
poorer climate for student learning than we have had previously. 
The recent report by the Education Commission of the States (ECS) 
in their national assessment of educational progress program seems 
to provide at least some substantiation for this particular obser- 
vation (14), 

The shift in educational objectives of science instruction over 
the last 40 years is also instructive. In the thirties the Educa- . 
tional Policies Commission (EPC) and the Progtessive Education 
Association (PEA) had major publications stressing tho social oujec- 
tives of science and problems of meeting Lhe needs of adolescents 
(7, 11). Although later additions and refinements wer6 made in 
treating science objectives the themes of social relevance and indi- 
vidual need tended to predominate until the onset of the NSF curricu- 
lum projects. At that time science educators lost their leadership 
roles and scientists preempted them. Only recently have science 
educators begun to reassume the leadership which they abrogated w3 'i- 
ou*; a struggle, (The federal dollars have largely evaporated for 
large scale curriculum projects.) With the coming of the NSF curricu- 
lum projects there was a radical shift in the purpose of science 
teaching; it was to teach "real" science in depth. Scientists as a 
group had little faith in such pedagogical niceties as "objectives" 
and dismissed them"^ as of low' priority , of little consequence, and 
^ certainly not worthy of their serious consideration, 

'As a result, and hundreds of millions of dollars later, we 
find we bought a system which is no more effec^\-/e than the one it 
supplanted and which has successfully alienated thousands of students 
from a study of science. Given the social context previously dis-^ 
cussed it is possible t,hat. nothing could have been done to make any 
curriculum highly successful. But in a time when students were 
demanding "relevance" and a social awareness dimension in their edu- 
cation a urriculum emphasizing the quantitative, theoretical, and 
abstract aspect.'; o£ science (or mathematics) was predictably not 
likely to be highly palatable educational fare. 

Although objectives have recently enjoyed a resurgence and 
much attention is devoted to "behavioral objectives," criticism o£' 
this movement is common and, ih the opinion of the writer, merited, 
Atkin's statement is a perceptive critique of the development (2), 
It is apparent that long-range and highly generalized goals and , 
goals which are synthetic in the sense that they require the inte- 
gration o,f content over time and perhaps from several fields are not 
well served by excessive preoccupation with tehaviorally defined 
objectives. Some of these goals should involve the inculcation of 
values. 
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^ The ultra-liberals have objected to the notion that the incul- 
cation of values should be included in the educational process. The 
schools have been chided for allegedly teaching middle-class values 
and have even accepted the criticism as valid. It is time to assert 
categorically that such middle-class values as honesty, individual 
responsibility, personal integrity, concern for dtt^^s, and a belief * 
in tl i work ethic had betcer be inculcated by the sqiools. To argue 
that many children do not have such values is ' ^egC the quc^ipn ' 
of the fundamental purpose of education. The function of education 
is to provide the essentials foi' successful individual and social 
life and values are a part of those essentials. Much of the social 
^jnalaise of our time* is tied directly to -the lack of such values in 
a substantial part of our population. It is tiiiie to reexamine some 
of the broader social and individual objectives outlined by^ the EPC, 
PEA, and the Forty-Sixth Yearbook of the National Society ior the 
Study 'of Education (NSSE) and perhaps mold and refine them in a 
format appropriate to today's needs (7, 8, 11). 

TO'^vY'S STUDENT 

One of the theses basic to this presentation has been thfat it 
is increasingly difficult to p^nvide education for the young. Just 
as Bunyan depicts Christian's difficulties in his journey in Pilgrim's 
Progress the modern world has set out its own seductive enticements 
in a modern day "vanity fair." Nei'her adults nor Children have 
been able to cope adequately with the opportunities for self indulgence 
which the affluent society af fordo. A high proportion of children ^ 
and youth are neglected to some degree. The prevalence of child abuse 
is well documented but the more diffuse general neglect of youth is 
far more common and an equally damaging state. Often in the midst of 
excessive materialistic trappings the child is deprived of what is 
needed most: parental love c*nd attention, adult supervision, and 
genuine care and concern for the child as aa individual. Instead, 
parents go merrily on uheir own existential way to jobi>, golf, bridge, 
the bar, or other vanity enticements and the child is left alone for 
hours to lose himself iii an endless series of television presenta- 
tions or with other neglected children like himself to experiment 
with drugs, alcohol, sex, crime, or any combination thereof. The 
children in the grinding poverty of an inner city ghetto may often 
be no more neglected than their peers in suburbia. 

For those who think the picture is overdrawn it might be ^in- 
structive to look at the appalling statistics relating to teenage 
alcoholism, drug addiction, the epidemic spread of veneral disease, 
teenage crime and particularly crimes of violence, unwanted preg- 
nancies, abortions and chronic promiscuity. The encroachment of 
television on family life and its stultifying effects on children 
hasje been examined by many thoughtful educators including J^rzy 
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Kosinski. Dorothy Cohen and Nancy Larrick (2, 5, 9). Some of the 
television viewing data cited indicate that when a child goes to 
kindergarten he is likely to have spent as much time viewing tele- 
vision as a college graduate has spent in college classes. Another 
statistic cited is that the average high school graduate will have 
/pent 11,000 hours in school and 22,000 hours in front of a tele- 
vision set. A recent local study has. indicated that 5th and 6th 
grade children were spending an average of 28 hours a week viev7ing 
television. Tki effec*- the physical, social, and psychological 
development of the youn *n onl^ be immense — and there are numerous 
indications that the eff<. * is adverse. 

Jn addition, the quality of television productions seems to 
become steadily more questionable. The r mantic scenes become con- 
tinuously more explicit and the state oi undress more complete. 
Alleged "comedy** hours become a series of thinly veiled double 
entendres aoout sex. The "police" shows capitalize on murder, rape, 
and other types of violence. It is a sorry show that doesn't have 
two or three co-^^pses. Students would have to be slow learners in- 
deed, if they did not gain a distorted notion of the worlc and gain a 
few pointer;? about how to commit a crime or practice seJuctioii. 

The plain truth is that the unlity of life i-i a large number 
of homes is not very good. The family is often less a unit than a 
colLection of individuals under a common roof. The causes are com- 
plex but existential doctrine, women's liberation, the pill, rapid 
transportation, the perceived need for two incomes, television, and 
the aftemath of a series of wars are all undoubtedly contributing 
factors. Whether we are set on an irreversible course is a large 
question. Some conditions seem unlikely to be changed. Yet, in 
c;ome way, the direction must be changed. A continuation of the grim 
social trends identified above would raise the gravest questions of 
our ability to survive as a nation and as a society. It is well to 
rerember that dictators have come to power when the state of social 
disintegration became intolerable. 

What kind of attitudes, values > and motivations do children 
from suchi homes bring to school? Too often they are overstimulated 
iind burned oat, overindulged, underworked, and with abominable eat- 
ing and sleeping habits. It is not diflicult to see why efforts to 
interest students in the intricacies of cell structure or cell metab- 
olism so often fall on sterile ground. In general the educational 
process in the classroom cannot compete with the pseudo glamor of 
the external world. Education is a time-oriented process and sound 
1^ ./ning requires discipline and application\over time— -coiranodi ties 
n 't highly valued in current society. Students have had too much 
coo soon and they have enjoyed the fruits of labor without the effort 
of labo" There is a proverb that "a fu'^l lion does not hunt" and 
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an analogous one would be that **an indulged studettt is unlikely to 
labor^mightily • " ^ In fact, the conditions so commonly prevailing seem 
ideally suited to the inculcation of a welfare mentality and to 
arrested development in a final state of chtonic adolescence. 

Having said all this , no intention is implied that the schools 
and teachers are or should be absolved of responsibility* to do the 
best for youth that they can* It is only intended to indicate the 
immensity of the burden and the ehormous difficulties involved* What^ 
can the schools and individual teachers do to counter the impact of 
a sick — «ome would say decadent — sc-iety? It is obvious that the 
answer hcj not been found and it may not oven exist* But neverthe- 
less new solutions must be sought* 



smmY 

The tone of this presentation has been bleak and it was meant 
to be* Substantial changes need to be made to get all of education, 
including science education, back on a firmer foundation* Although 
many courses of action might be taken to improve the educational 
experiences of children, the following list of suggested problem areas 
is crucial and needs serious professional attention at once* 

1, At the elementary and secondary school level, gear science 
education to serve the broader social and individual needs 
of general education and not be a training ground for minia- 
ture specialists* 

2. Resist the erosion of standards* Education should be humane 
but holdin-* to appropriate standards is not equivalent to 
inhumanity. As educators we have a responsibility to use 
all the resources available , including testing , guidance , 
and counseling to insure that children and youth are placed 
in educational contexts where they can succeed. They need 
their own ecological niche in the educational process* But V 
this is not the same as lowering standards* The educational 
context should be suited to the talent, aptitude, and in- 
clination of individual students* But when a student finds 
himself unsuited to a program, a new context is indicated 
rather than a lowering of standards* In brief, no one stu- 
dent is suited to all contexts but all should be suited to 
some context. 

3* Reaffirm the need to stress values in education and resist 
the efforts of pseudo-liberals to deride **middle-class" 
values* These values have stood the test of time and are 
essential to civilized and humane social intercourse* Sci- 
ence is a good vehicle for',» conveying the values of honesty, 
integrity, and sound work and teachers need to accept such 
values as appropriate teaching objectives. 
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4. Seek a solution to the neglected child. If home<^ will no 
longer assume responsibility for the rearing of young then 
social alternatives must be evolved. Although the Chinese 
and Russian solutions to the problems of infants and youth 
may seem repugnant to us we may have no alternative to infant- 
care centers, child care centers, and youth work centers. 

The present conditions of social anarchy for youth cannot 
continue to prevail. 

5. Reestablish by every conceivable means the autonomy of the 
local school board and the professional staff in the deter- 
mination of educational policy and "cur:.irnlum matters. Resist 
the encroachment of judicial, legislative, and bureaucratic 
ageroies on the educational process. The stranglehold of 
categorical - aid rieeds to be broken. Although science edu- 
cation has received enormous economic support it is doubtful 
that the benefits have been commensurate with the cost.. 

6. Whatever their concerns over the welfare aspects of- being a 
teacher, teachers should not lose sight of the fact that they 
are professionals with i>rof essional obligations and respon- 
sibilities. The welfare of the child should not be subser- 
vient to the. welfare of the teacher. The elected officers 
and boards of professional groups need to reaffirm their roles 
as policy and decis^ion makers. More professionalism is needed. 
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Edward Victor was bom in 1914 in Massachusetts. He received his 
elementary and .secondary education in Massachusetts schools. 
After completion of his secondary education Dr. Victor attended 
harvard University from which he received his A.B. in 1935. He 
then attended Boston University and was awarded his A.M. in 19^6 
and his Ed.M. in 1941. He returned to Harvard University in 1955 
and was awarded his Ed.D. in 1957. 

I^. Victor served as an instructor at New England College of 
Pharmacy from 1938 until 1941 and as an instructor at Boston 
University from 1941 until 1943. He was head of the Science 
Department dt Westbrook Junior College in Portland^ Maine^ from 
1944 until 1951, wfien he moved to Newport, Rhode Island, where 
he served as Science Supervisor until 1957. He has also taught 
in Puerto R%co. He served as a teaching fellow in education while 
pursuing his doctorate at Harvai^d University . After completion of 
his doctorate Dr. Victor was appointed Assistant Professor of 
Education at the University of Virginia where he remained for one 
year. -In 1958 he joined the faculty of Northwestern University 
as a Professor of Science Education. 

Cr. Victor has been active in nimprous professional organizations , 
holding membership in AAAS, NSTA, NARST, AETA, CASm, NEA, and 
the Illinois Academy of Science. He served as president of AETS 
-during 1966-1967. 

In addition to his responsibilities for science education at all 
levels at Northwestern University, Dr. Victor has been serving as 
a consultant to several publishing companies, educational film 
companies, ayid a science equipment company. 

Dr. Victor has been an active author. He has authored or coauthored 
three books for use with prospective elementary teachers, His 
elementary ^ci^nca^methods^ book-is- h^ideiy-us^. — He hab''au£Hdred'~ 
and edited a large number of science books for elementary schools 
and served as senior author for an elementary science text series. 
His articles have frequently been published in education and 
science education journals. 
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IN ELBeJTARY SCIENCE 

HIE PENDULUM NEVER STOPS SWINGING 

EEIVARD VICTOR 

Professor of Science Education 
Northwestern University 
Evans ton^ Illinois 



Irom past history we have learned chat when social and political 
upheavals take place the pendulum of change .swings to the righu or * 
to the left/ Sometimes the swing is a long one an"d other times the 
swing ;Ls shorts Eventually the swing reaches its peak and then it ^ 
inevitably begins its return toward the center^ But some of the 
changes produced by the upheavals make a definite and pennanent im-^ 
pact on our society. 

The same effect holds true for changes in the teaching of 
elementary science. Some of the changes from new ideas and philos- 
ophies are incorporated to become an integral and pemiinent part of 
the teaching of elementary science. 

Three comparatively recent changes in the teaching of elementary 
science immediately come to nand. Each change is worthy of discussion 
in quite some detail. In the first change, teaching the process skills 
of science, the pendulum has already swung to its peak and made its 
return toward the center. In the second change, teaching science by 
inquiry, the pendulum has just reached the peak of its swing and is 
now beginning its return. In the third change, teaching science by 
individualized instruction, the pendulum is only in the process of 
swinging upward and has not reached its peak. 



TEACHING TTtE PROCESS SKILLS OF SCIENCE 

The National Society for^the Stjudy ^ Educatioji. (NSSE)_ has- - 
devoted "thTB'e of its yearbooks to science education. These are 
the Thirty-First Yearbook, 1932 (3); the Forty-Sixth Yearbook, 1947 
(2); anu the Fifty-Ninth Yearbook, 1960 (1). 

In the Thirty-First Yearbook the main thrust was to encourage 
teachers to avoid the teaching of facts and to concentrate on the 
teaching of concepts and conceptual schemes. In the Forty-Sixth 
Yearbook the emphasis shift^ed to include not only the teaching of 
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concepts and conceptual schemes — the content of science — but also 
the teaching of unctional" skills—the key operations, or process, 
of science. 

Although elementary school teachers were now being urged to 
teach both the content and process of science, all too often the 
teachers still spent most of their time teaching concepts and con- , 
ceptual schemes and paid little or no attention to teaching process 
skills. However, the pendulum of change had already begun to swing, 
slowly at first and then more quickly. Methods books, journals, and 
bulletins all began to stre.ss the importance of teaching the process 
skills of science. The*big push came with the Fifty-Ninth Yearbook 
which strongly recommended that science be taught as a process of 
inquiry :\ivolving the' development of process skills. 

I 

Now the pendulum began to swing quickly. In the 1960s more 
than 10 ele.T.entary science curriculum projects were begun, all of 
them actively concerned with teaching the .procj^ss skills. As 
materials were developed and disseminated by /these elementary sci- 
ence projects th^ popularity of teaching the process skills grew. 
Now the swing of the pendulum reached its peak and, as is often the 
case when change takes place, there was a strong overreaction. For 
many, the teaching of process skills became all-important and the 
teaching of concepts and conceptual schemes was relegated to a 
secondary position. This overreaction even affected the use of 
other teaching techniques. Because elementary science had for too 
JLong been taught in a talk-talk-talk and read- read-read manner, 
these techniques became tabu. It is interesting to note that almost 
none of the* new elementary science projects developed'reading mate- 
rials for the children. Also the project materials sharply re- 
stricted teachers from using teacher explanations or lectures. 

Perhaps the reasoning behind these tv*ther drastic measures 
seemed to be that since the teaching of process skills was now 
a main objective, only by eliminating reading and lecturing from 
the curricula of the new projects would this objective be attained. 
Many scientists and science educators, however, steadfastly main- 
tained that the elimination of these teaching techniques,' which are 
very 'effective when properly used, was just as unwise and impractical 
as the action of a parent who decides to chop off his child's left 
"hand "In- order^ to make^^ur^e'ThaTTM^cTuTUa' w^ become"Ief t- 

handed. 

At the peak of the pendulum swing and its accompanying over- 
reaction, the Science — A Process Approach program (SAPA) by the 
American Association for the Advancement of Sciencfe (AAAS) was 
perhaps the most well-known and widely used program. This program 
consists of a hierarchy of process skills to be learned but does 
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not include an equivalent structure of science content* Science 
concepts* are introduced and taught only as they are needed to 
develop the appropriate process skills* 

However, by the early 1970s the pendulum began to swing back 
toward the center again* The feeling steadily grew that process 
should not be the primary goal of elementary science and that con- 
tent with a firm structure of concepts and conceptual schemes is 
an equally important goal* Eventually the consensus of opinion 
became that both goals are ^not mutually exclusive but instead are 
complimentary and mutually interdependent* 

Of all the original elementary science curriculum- projects 
only the following three have been commercially published and are 
in widespread nse today: ^ 

1* Science — A Process Approach (SAPA) * 

2* Element:.ry Science Study (ESS)* 

3* Science Curriculum Improvement Study (SCIS). 

The original popularity of SAPA definitely has been superseded by 
SCIS, whose program has combined a process approach with a structure 
of physical and biological science content* This is a concrete ^ 
indication of the present trend to consider the goals of process 
and content to be equal in importance* The ESS program consists 
of -a large number of individual units that use a process approach 
to teach concepts* Although the units do not make up a sequential 
science program, school systems are invited to develop their own 
science program by incorporating all or part of the ESS units into 
their program. A promising fourth project ^ Conceptually Oriented 
Program in Elementary Science (COPES) , has developed a process- 
oriented program based on major conceptual schemes but to date has 
been unable to find a commetcial publisher to publish the program* 

So the pendulum >has now returned towards the center, but not 
all the way* The pendulum swing served to bring sharply into focus 
the need for teaching process as well as content, a need which had 
existed for a long time. The new curriculum projects did much to 
ensure that the teaching of process skills received the emphasis it 
had so long deseirved and enabled it to assume its rightful role in 
the elementary science program* 
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TEACHING SCIENCE BY INQUIRY 

In the 1950s i:here arose a growing dissatisfaction among 
scientists and science educators with regard to the standard 
definition of science and its implications for the teaching of 
science in our schools. The standard definition was usually stated 
as "Science is a body of knowledge resulting from a process of 
inquiry." Both scientists and science educators felt that the . 
definition should be stated instead as "Science is a process of 
inquiry resulting in a body of knowledge." As you can see, although 
the same words appear in both definitions the emphasis and thrust 
are different. In ather words the feeling now was that science 
should be stressed and taught as a process of inquiry, not as a 
body of knowledge. 

In 1960, when the Fifty-Ninth Yearbook of the NSSE strongly 
reconnnended that science be taught as a process of inquiry, the 
pendulum pf change began to move. This movement was accelerated by 
the national science curriculum projects that were being developed, 
first for the fiigli^sCghool , then, for the junior high school, and 
finally for the elementary school. Because all these curriculum 
'projects agreed with this philosophy that science should be taught 
as a process of inquiry, their programs" became strongly committed 
to a teaching strategy that was highly activity-oriented, 

A number of terms are being used to describe this activiuy- 
oriented^J:eaching strategy. The three most common terns are learn- 
ing by inquiru-y learning by discovery^ and learning by investigation. 
In the elementary school the lessons using activity-oriented teaching 
* strategy are commonly called discovery lessons. 

Discovery lessons follow a general pattern. First, a question 
or series of questions is raised. Through discussion a problem is 
identified, then the children — with the help of the teacher, — propose 
ways of investigating the probletu and gathering data Working either 
individually, in small groups, or as one large group, the children 
conduct investigations, gather data, and come to conclusions which 
they evaluate together. All this leads to new questions which identify 
new problems which require new investigations which produce new con- 
clusions. In the process the children "discover" concepts and con-- 
ceptual schemes , 

The pendulum swing dealing with teaching by inquiry has already 
reached its peak. There are several distinct benefits to be derived 
from using this teaching strategy. First, the technique enables 
children to become participants, not spectators. This eliminates 
boredom, promotes bot|> self-confidence and a feeling of accomplish- 
ment, encourages a greater reliance on the children's capabilities, 
and stimulates curiosity for further learning. Second, because this 
technique is highly activity-oriented it tends to develop the chil- 
dren's competency in the use of the process skills. Third, Che 
inquiry procedures used in this technique are in complete agreement 
with the theories of psychologists like Jean Piaget and Jerome 
Bruner on how children develop intellectually and learn. 




' Now that the pendulum swing has reached its peak there are 
already signs 'that the pendulum will soon begin to move back toward 
the center. Like every teaching strategy, teaching by inquiry has 
its drawbacks as well as advantages. Educators and psychologists 
have discovered that learning by inquiry can be very difficult for 
slow learners because these children find it hard to persist in 
tasks that are not immediately fruitful. Some feel that a strong 
science background is- a prerequisite for inquiry learning and, 
because elementary school children rarely have this br.ckground, 
inquiry learning will often falter and fail. Others contend that 
since there is a greater possiblity of failure with- inquiry learning 
than with other stra^tegies, this failure often tends to dampen many 
children's interest in learning further in science. 

Finally, as it so often hc^ppens, many teachers who become 
highly enthusiastic about a new teaching technique again tend to 
overreact in the use of this technique and refrain from using other 
techniques that are also effective and even necessary. Everything 
in elementary science cannot be^earned by inquiry on]y. It is 
difficult to have the children discover" concepts and conceptual ^ 
schemes in the areas of astronomy, geology, and physiology when 
there is so little opportunity to work with firsthand materials. 
Other techniques are necessary. In some cases a teacher explana- 
tion is essential. Sometimes reading, which is an integral part 
of the elementary school curriculum, is indispensable. Too often 
*:hese two perfectly valid techniques have been misused when teachers 
made them their sole techniques for teaching science. However, 
eliminating these two techniques from elementary science in an 
effort to avoid their misuse is also wrong. Consequently those 
t:iachers who do not include other techniques when teaching by in- 
quiry often run into difficulties that affect successful teaching 
and learning of science. 

Furthermore a growing number of scientists and science educa- 
tors have begun to object to the tendency of teachers to oversimplify 
the children's discovery of concepts and conceptual schemes. This 
is done by misleading the children about the actual time-consuming 
nature of inquiry and about the difficulties that scientists have 
encountered when using this process. As a result, teachers are 
leading children to "discover" in a few short days a concept or 
conceptual scheme that may have taken a scientist years and all 
kinds of difficulties to investigate and discover. 

So the pendulum will soon begin to move back toward the center. 
Teaching science by inquiry has already made a tremendous impact 
upon elementary science. It will con nue for a long time to be 
an outstanding, if not the leading, strategy for teaching elementary 
science. When used wisely with other effective teaching techniques 
it will help children successfully learn science both as a process 
of inquiry and as a structure of concepts and conceptual schemes. 
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TEAMING SCIENCE BY 
INDIVIDUALIZED INSTRUCTION 

All three yearbooks of NSSE have consistently urged that one 
of the key objectives of science teaching should be to help our 
children learn according to their individual abilities, needs, and 
interests. Until recently, however, the only provision made for 
individual differences in our science programs was the inclusion 
of additional learning activities for slow and fast learners. Al- 
though these activities were to be used as needed and whenever 
possible, too often the pressures of time and the inertia of teach- 
ers have restricted their use to a minimum. ^ n 

Strangely enough, dissatisfaction with the new science, cur- 
riculum projects has been instrumental in causing the pendulum of 
change to begin to swing towards the increased use of individualized 
instruction in the teaching of science. A prime factor is the 
inflexibility of the new programs which has caused concern to many : 
teachers. They have felt constrained by the tight structure and / 
rigid sequence of the learning activities which allow little freedom 
or provision for individual differences in teaching and learning. / 
This concern has caused teachers to want to break away from the / 
group instruction techniques implied by existing learning activities 
and to develop "individualized** activities of their own so that they 
could better tailor the rate, scope, and sequence of learning to 'the 
needs of their individual students. 

At present there are three large-scale individualized science 
programs available : 

1. The Individualized Science Instructional System (ISIS) 
project for the high school. 

2. The Intermediate Science Curriculum Study (ISCS) project 
for the junior high or middle school. 

3. The Individualized Science (IS) project for the elementary 
school. ( 

All three projects are creating quite a stir in science education 
and the pendulum of change has begun to swing. Already there is 
a growing interest in teaching scie' ce by ihdividualized instruction 
and it has become one of the hottest topics of discussion at local 
and national meetings. 

How far* the pendulum will swing before it reaches its peak is 
difficult to predict. Already teachers are encountering some 
difficulties with both large-scale and local individualized instruc- 
tion programs. The biggest problem seems to lie not with the pro- 
grams but with the children. Research has shown conclusively that 
fast learners do well with individualized instruction. But research 
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also showa that fast learners usually do well with any kind of 
instruction. However, slow and low-average learners usually do not 
do well at alf with individualized instruction and the reasdn for 
this seems to be based upon personal characteristics.^ Recent 
research on the effectiveness of individualized science programs 
shows that jIow and low-average learners usually do not like to 
work alone. They feel more secure when they work in large groups 
or as an entire class. Also they prefer to receive direction and 
instruction from the teacher during the learning activities instead 
of being forced to rely upon their own less-endowed creativity and 
ingenuity. Consequently it would appear that individualized in- 
struction is not an effective teaching strategy for all children. 

Despite these problems it is safe to predict that the current 
interest in individualized instruction will make an impact on 
elementary science. One result of this interest should be a greater 
effort to incorporate more and better individualized instruction 
into all science programs and this will help us come closer to 
at:hieving one of the major goals of elementary science. 



IN CONCLUSION 

And so it goes. As new ideas and teaching strategies emerge, 
the pendulum of change will swing. Then as the potentialities and 
limitations of each strategy are fully explored and realized the 
pendulum will swing back towards the* center again. But the best 
of each idea and strategy will be incorporated int:o the teaching 
of elementary science, enriching all of elementary science in the 
process . 

The request is constantly being made by teachers for guidelines 
as to which strategy is best to use when teaching science. In the 
light of all the changes that have taken place these past few years 
the answer should be obvious ♦ No single strategy can be used to 
teach all aspects of elementary sc^ence. In every case select that 
strategy or combination of strategies that lends itself best to the 
effective learning of a particular process sjcill, concept, or con- 
ceptual scheme. 
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Fletcher G. Watson was born zn j.912 in Maryland. He received his 
ear%y education in Southern California. After graduation from 
high schc'."- he attended Pomona College (California) fvoin which 
he received his A.B, degree in 1933. He went directly into grad- 
uate school in astronomy at Harx^ard University from which he was 
awarded both hisJd.A. in 1935 and his Ph.D. in 1938. 

While pursuing his graduate studies (1935''1938) at Harvard^ Univer-" 
sity. Dr. Watson served as a graduate assistant and part-time 
instructor in astronomy. After completzng his Ph.D. in 1938 he 
sci'Oed as Executive Secretary and Research Associate at the Harvard 
University Observatory , a position he held until 1941 During 1941 
he also served as an instructor of astronomy at Radcllffe College^ 
During 1942-1943 he was a Technical Aide at the NDRC Radiation 
Laboratory at MIT. From 1943 until 1946 he served in the United 
States Navy. Dr. Watson was appointed Assistant Professor of 
Education at harvard University in 1946. He was promoted to 
Associate Frofessor in 1949 and to Professor in 195?. In 1966 he 
was appointed Henry Lee Shattuck Professor of Education. 

Dr. Watson has been active in science and science education organ- 
izations including NSTA, AAPT, NARoTy AETSy AAASy and American 
^Academy of Arts and Sciences. He has assumed an active role on 
committees of these various professional associations. 

In addition to his regular duties at Harvard University y he -has 
been a consultant to NSF and assisted in a number o-^ NSF institute 
; and AYI programs. He has been a consultant to UNESCO in Paris y^ 
Latin Americay and Thailand. Dr. Watson has been active in the 
curriculum development^ of the 1960 's and 1970 's. 

He served on the steering .committees of BSCS and of ESS and on the 
education advisory coimittc^e for MSA. AlsOy he was one of the 
co-directors of the Harpard Project Physics (now the Project Physics 
Course) curriculum development and previously W02*ked with the 
Nigerian School Project.^ 

Dr. Watson has been an active speakery authory and researcher. His 
articles and presentations number over 100 and have appeared in 
recognized science and science education journals. He has authored 
an astronomy'Too^ book. 

Dr. Watson* s scholarship and service bo science education hava been 
recognized* He was graduated Magna Cum Laude in Astronomy and was 
elected to membership in Phi Beta Kappa and Sigma Xi. He was awarded 
a Fora Foundation Fellowship to study science^ education in Europe 
in 1964-1965. He was aj)arded a fjSTA Citation of Distinguished 
Service in 1972 and was named Outstandhiq Science Educator of 1977 
by the Massachusetts Association of Science Supervisors . 
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THIRTY YEAl^ IN SCIENCE EDICATION AT HARVARD 

PM:TC1IER G. WATSON. 

uux'Oard University 
Coj'bridgej I'kissachusetts 



On July 1, 1946, X became assistant professor of education at 
the Harvard Graduate School of Education (^SE) , Thus at the age 
of 34 I b^gan my third career. I had just spent four and a half 
years in government service, one year at the Radiation Lab at MIT 
and three and a half years in the Navy responsible for computation 
of the tables and charts for the Loran system of long range navi- 
gation» Before that I had been at the Harvard Observatory for eight 
years, five as a graduate student and three as a junior staff member 
and researcher. 

When I was interviewed * for the position at HGSE the faculty 
asked me what I knew about "education," '^Nothing" was my reply. 
The faculty said they knew that but wanted to hear what I would sa:, . 
What was I doing as a proto-professoi of education? 



THE MAT PROGRAM 

For reviving the Master of Arts in Teaching (MAT) program the 
faculty had aecided to add instructors for various subjects who had 
some experience in the subject field • Their contention was that 
people who knew a subject could learn what was needed to know about 
education in contrast to the usual assumption that someone infomned 
in education could effectively rep^^esent a fie''d, in my case science. 
Three such appointments were made: in socia"* «:idie5", English, and 
science.' However, the other two instructors left HGSE after three 
years to return to their academic specialty. 

The Master of Am in ^^^aching program had been introduced at 
Harvard in 3 938 as an adaptation of I'-ie postgraduatp diploma program 
in the United Kingdom, James B. Conant, president of the univer- 
sity, had attempted to revi^'alize the Graduate School c Education 
by establishing this program through which college g..aduates could 
become competent to teach their subject specialty in secondary schools 
Initially the program had not gone well and it had been completely 
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disrupted by World War II. So in 1946 it was reorganized and new 
faculty were added. Gradually the program became known and students 
applied. The G.I. bill aided in financing some of the first students, 
riy classes in the teaching of science were small, perhaps 10 students 
taiug the largest group. 

Ignorant of educational theory, history, and practice, I had 
much to learn. Visits to nearby schools helped; at least I saw the 
mechanics of classroom operation. Talks with teachers added insight: 
and talks with faculty colleagues, espe-^lally with William Burton 
also involved with the MAT program, added other points of view, 
Reading journals. National Society for the Study of Education (NSSE) 
yealrbooks , and methods books helped some but these seemed shallow in 
terms of rationale. During the fall term course on methods of teach-- 
ing science to students who had a wide range of scientific majors, 
I attempted* to focus o^ lesson planning and tried to stress the 
general philosophical basis of science. Also I was concerned aboa^^*. 
the sLudents having a knowledge of 'esources — journals, reference 
books, equipment suppliers, film sources, texts, and industrial free 
materials. Jiles of such materials were accumulated as references 
for planning, and doing practice teaching. Happily, I soon met Paul 
Brandwein who gave similar instruction a Teachers College, Columbia. 
From him I took the idea of having students in training make card 
files of potentially useful resources, including price and complete 
reference, as well as their notes describing each entry, - 



With the help of colleagues I gradually developed contacts with 
science teachers who were considered outstanding and who were williag 
to take on practice teachers. I visited the practice teacher in 
school and assisted with the overall supervision. Probably this was 
a case of the "halt leading the blind" but with good huraor t^^ bright 
and committed students survived. Happily, satisfactory placements 
for them was no problem; many had several offers at outstanding school 
systems . 

Major changes in the size and emphasis of the MAT program have 
occurred several times. The first came when the Ford Foundation 
made a large grant to HGSE to be expended over five years in support 
of teacher training programs. The "baby boom" was upon us and ad- 
-ditional teachers for all levels were needed. Although a sizeable 
portion of the funds were used for scholarships and recruiting, 
additional faculty were added in several areas. An assistant pro- 
fessorship in science education was established and Abe Fischler 
from the Ossining Schools and Teachers College, Columbia University, 
was employed for three years beginning in 1959-1960. Dr. Fischler 
was primarily involved with an elementary school component of the 
MAT. Also, he v/orked closelv with several of the doctorate candi- 
dates interested in elementary education and supervision. Maurice 
Belanger, one of our former students, took over for seven years and 
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in addition to being helpful with the doctorate students and those 
in masters programs did some significant research. Af::.?r completing 
his degree, Douglas Roberts took over the MAT students for one year. 
Then Richard Weller carried that obligation for three years to 1971. 
By that time the el'^nentary 'educi tion program had withered away but 
other programs had il/ed. 



A doctorate program land research were also among the activities 
expected of my positionj(^ Although the number of doctorate students 
in th^ entire schoo" was small in 1946 I was encouraged by the ad- 
missions committee to take on some. For several of the initial 
admissions the program was a disaster. My criteria for admissions 
were vague as were the purposes of the students. Several withdrew 
from the school. Others hung on as part-timers for several years 
but then faded away. A few were so unsuccessful in their total 
program of study that their candidacy were terminated. The first 
success was George Davis who completed his thesis in 1950 on the 
possible uses by schools of town-owned lands in Massachusetts, 
George went to the University of Maine where with his ecological 
interests and good sense he developed a teacher program for develop- 
ing science teachers, influenced statewide efforts, and established 
a doctorate program. He was followed by Francis McCarthy in 1951, 
Raoul Bowers in 1952, and then one or two per year until a bumper 
crop of six in 1961. By that time tb'" "shop" was attracting numerous 
very able candidates. 

Research is always of importance in a university but it takes 
time and m.pney. To my pleasant surprise in the spring of 1955 Dean 
Keppel informed me that the Eugene P. Higgins Fund, in which the 
university shares, would provide several thousand dollars each year 
in support of research in science education. Approximately half of 
my salary for years was charged against the Higgins Fund while m^re 
recently, with a-larger grant, all my salary and the operation of 
our "shop" has been supported from that fund. Initially the added 
funds were used mainly to employ psychological researchers to ex- 
plore questions about the conceptual learning of science by young 
children. Susan Ervin, Janellen Ruttenlocher , and Flores LeBeouf 
were the principal- investigators . The results of their efforts were 
published mainly in Child Development. 

In more recent years the funds were mainly used to support my 
students and their studies, especially for data-gathering and com- 
puter analyses. In addition, each year suall funds were allocated 
to each doc Loral student to assist him or her to attend at least 
one major professional meeting each year. Such contact is a 
component of prof es' ionaiization. Also, being seen and sometimes 
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on the program for a presentation has aided students in obtaining 
subsequent employment. As many students have commented the avail- 
ability of small amounts from the Higgins Fund has made a world of 
difference to them, their rerearch, and their feelings of importance 

SCIENCE FAIRS 

As a newcomer to science education I soon became aware of the 
routineness of much of the instruction offered in the schools. No 
significant opportunities existed for the potential scientific 
student to become actively involved in science projects and to 
obtain any recognition. Encouraged by Harlow Shapley, who was 
director of the Harvard Observatory, and by Watson Davis of Science 
Service (SS) (which Dr. Shapley had helped establish), I became an 
interested observer of the National Science Talent Search, Concur- 
rently I recognized that the science fair program, sponsored by SS 
did offer just the sort of stimulation and recognition that T felt 
students should have. With Ralph Burhoe , then executi"»^e officer of 
the American Academy of Arts and Sciences whose central office is 
in Boston, we created the New England Science Fair, Because 
wished to stimulate local fairs beyond the 12 being held in New 
England, we announced that entrants to the New England Fair had to 
be one of the top three ^winners in a local fair. Because the 
academy building did not have a large open hall, only 30 entrants 
could be accommodated. To .lessen the tension on "winning" we 
created five "first" awards, 10 "second" awards, and all others 
received a "third" award. With a bit of publicity the" number of 
local fairs rapidly mushroonfed , doubling each year for a time. 

NWe had, of course, involved a number of interested teachers 
^n the steering committee. .When the New England Fair v;as an 
"^^tablished success the teachers committee took over the entire 
operation^ With financial support from one of the local newspapers, 
each year they holdj^ large fair at the MIT cage with hundreds of 
exhibitors. In re^rospec^, it is 'pleasant to see that a small 
effort found a sensitive response from the teachers with the result 
that many students and teachers benefited from their involvement. 

NATIONAL SCIENCE FOUNDATION 

For two months early in 1953 J served as a temporary adviser 
to the newly created National Science Foundation (NSF) which was 
then beginning to explore possible programs and courses of action 
for precollege science courses and teachers. I had numerous inter- 
ested discussions with Harry Kelly and Bowen Dees and others. At 
their request I subini.tted a series of memoranda outlining various 
possibilities; since these matched, at least in part, several action 
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taken later by NSF I should note that my memoranda probably sum- 
marized points of view developed collectively with the NSF staff. 



Subsequently I have served on various panels for NSF At no 
tinie did 1 wish to encourage an invitation to join the NSF staff* 
My responsibilities at Harvard have been sizable and increasing. 
Also rarely has there been a potential standin should I be away for 
a year or more* But perhaps most important has been my feeling since 
being in the Navy that I enjoyed being independent and personally 
responsible for my own actions, I a\n not a good "organizational 
man" and preferred not to seek an Involvement within a bureaucracy, 

ORGANKATICi^ INVOLVEMENTS 

As a member of numerous organizations in science and science 
education, I have served on a range of committees and attempted to 
be useful. When the Association for the Education of Teachers of 
Science (AETS) agreed to become a national organization and an 
aff ilitate of the National Science Teachers Association (NSTA) , I 
was the first national president. Other than that I have not helJ 
nor sought elected office. Twice NSTA honored me by inquiring 
whether I would be a candidate for president. If one is a candi- 
date there is always the chance that one might be elected to a 
position which involves a heavy investment of time for a three- 
year span. The first inquiry came as I was about to .depart foj 
England in 1964 and I declined because this was an inopportune time 
for me. The second* inquiry came about 1967 when I was heavily in- 
volved with Harvard Project Physics (HP?) and again I decided not 
to be a candidate. In 1972 NSTA graciously presented me with a 
Citation for Distinguished Service t*o Science Education. - 

ACADETaxC YEAI^ INSTITUFES 

NSF began funding / ;ademic Year Institutes (AYI) in ^.956 at 
three in'^tial institutions. In 1957 Harvard was one of the insti- 
tutions ci jd. Fifty experienced teachers of mathematics or sci- 
ence were recruited and enrolled. The director of AYI was initially 
Edwin Kenible of the Physics Department, a kindly and interested 
gentleman who had helped pioneer the General Education program at 
Harvard after World War II. For AYI, admissions and all administra- 
tive work was done by the School of Education, Charles Weller 
served as the first assistant director. Upon the retirement of 
Professor Kemble, Victor Guillemin became director for several 
years, and was followed by David Widder, 

Although the prime purpose of AYI was to "upgrade" the academic 
backgrounds of the teachers through courses in arts and science and 
special courses for the group, I insisted that they were here at 




government expense because they were teachers and would continue to 
be teachers. Therefore, some small portion of their time should be 
spent on aspects of teaching. I offered a half-course on the teach- 
ing of science and mathematics. In add?.tion, AYIers were "encouraged 
to take another half-course within education — psychology, test 
development, supervision, and so forth;- 

As policies changed iji Wash? ion, NSF opened more AYI programs 
to a maximum of around 40 per yea. and gradually reduced the enroll- 
ments in each program. Harvard's allotment went to 35 and then to 
about 20. Beginning in the mid-60s the shift for a few years was to 
support recent graduates like MATs entering teaching, Einally we 
enrolled only five experienced teachers as our last group in 1971- 
1972. Over the years Harvard enrolled more than' 550 teachers in 
AYI. In addition to offering instruction, my rola involved recruit- 
ment, selecting, program advising, and backup counseling. Despite 
the stress on these teachers — returning to the university after some 
years, being away from their friends and known environments, sur- 
viving on stipends less than their normal salaries — these were 
generally happy years. Many fine people were involved. Also, 
several made significant changes in their career lines and academic 
interests . 

GENERAL EDUCATION 

When James B. Conant published in 1947 On Understanding Science 
(3), later expanded as Science and Common Sense (4), it was an 
invitation to the Committee on General Education to request him to 
offer a course in that program. They asked. The course, identified 
as Natural Scrlence 4, was first offered in 1947. To help put to- 
gether a course of illuminating cases from the sciences, Conant 
asked a group of younger faculty to work with him during the several 
years he , directed the course. Thomas Kuhn was from the areas of 
physics and the history of science, Leonard Nash was from chemistry, 
I was from astronomy and education. Duane Roller, Sr., from physics 
was with us for a year or two, as were several others. 

This was an exciting involvement. We had no subject restriction 
only our knowledge of potential cases which would illustrate some 
significant aspects of scientific work '^nd its influence on the 
general society. Conant, using some of the materials outlined in 
his book, developed a number of cases. Initially we used photocopies 
of the original papers and considerable ancillary reading, plus lec- 
tures, and laboratory-discussion sessions.. Later many of the cases 
w^re edited into booklets. Kuhn treated the Copernican revolution, 
which became the basis for his first book The Copernican Revolution 
(6/. I treated James Bradley *s efforts to observe steJ.lar parallax 
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which .resulted in his discovery of the aberration of light, and. 
later of the earth\s nutation, as predicted by Sir Isaac Newton. 
Unwisely I did not publish the case. 

^ Smm PROGRAM 

These efforts modify college instruction in science led 
Conant to begin a s^^iles of brief summer meetings of interested 
college professors. The first such session in 1951 resulted in the 
book Science in General Education edited by I. Bernard Cohen and 
me (2). Another session was held in 1952 and one for 1953 was 
planned. But in January, 1953, Conant announced his retirement 
from Harvard. Announcements were out and we had to decide whether 
to cancel or proceed. With the help of Brandwein, who had been with 
us the previous summer, and Sydney Rosen we decided to proceed but 
to invite professors of science education and science supervisors 
from mjor cities to participate in a workshop on our collective 
problems. From this came the pamphlet Critical Years Ahead in 
Science Education (8) . 

Othe'^ special summer programs for science teachers were financed 
by grants from the DuPont Foundation and v;ere held in 1954, 19S5, 
and 1956 but ended when NSF Summer Institutes became available. 
Beginning in 1956 a special suinmer pros^ram on the biological uses 
of radioisotopes was held at the Harvard Medica.l School with sponsor- 
ship by the Atomic Energy Commission (AEC) and "NSF, as well as 
Harvard University. For each of three years 20 carefully selected 
teachers were enrolled, were tctught at the medical school for six 
weeks with lectures and laboratory work, and were loaned a ^^zable 
kit of detection equipment to take home. Since the intent of this 
rather expensive program was to have those enrolled serve as instruc- 
tors to their colleagues at home — that 'is, to develop a chain- 
reaction — geographical location was important in the sBlection of 
participants. School superintendents had signed a statement in ad- 
vance assuming that local efforts would be made to encourage the 
intended local implementation. reveal what actually occurred, the 

grant from AEC-NSF allowed a follow-up reporter to visit each school 
district. Serving in this role were George LeSuer in 1956, Harold 
Miner in 1957, and George Weygand in 1958. 

The results generally were very disappointing. Only in a few 
medium-size^d cities such as Dayton, Ohio, were significant and 
successful efforts made to devise a local^ instructional program. 
In the large cities esse itially nothing got organized. New York 
City, Philadelphia, Chicago, Los Angeles, New Orleans, St. Louis, 
Denver, Columbia, South Carolina, Washington, D.C. were unablr or 
unwilling to use an expensively-trained teacher from their o^ 
staff to instruct others even when, in a few cases, we were able 



to arrange local graduate credit for the instruction. This dis- 
appointing effort revealed to me the lethargy and cumbersomeness of 
administrative operations in large cities ♦ Our attempts to create 
a chain reaction failed. 



In 1956 when the PSSC group was organized at MIT I was invited 
to the first majoi^ discussion during December of that year. Since 
I was not acquainted with what was happening, I went only for the 
second day. Other science educators present included Morris Meister, 
Paul Brandwein, and Robert Carieton of NSTA, in addition to a number 
of nearby science teachers whom I knew. Inasmuch as the center of 
attention was on physics by physicists, and educators were frequently 
blamed for whatever seemed wrong, I saw no significant role for me, 
so I f»^ded from sight and my absence seemed mutually acceptable. 

About 1961, with Philip Johnson of Cornell and others, I 
attended an NSF conference to discuss possibilities of encouraging 
science curricular efforts for the elementary schools. Both Dr. 
Johnson and X had draft proposals in our pockets but we were soon 
told to sit on them as Educational Services Incorporated (ESI), the 
forerunner of the Educational Development Center (EDC) , was already 
the chosen group. ^ In the summers of 1962 and 1963 I was partially 
involved in ESS workshop.^ Also I was briefly on the ESS Steering 
Committee but as a real outsider and a professor of educiition I 
found that I was not sympathetic to the "messing around" approach 
then in vogue, so I withdrew when I we^^t to England for the year 
1964-1965. 

During 1962-1963 I also served on the board of BSCS. By that 
time the designs of the several alternate BSCS courses were set and 
large scale trials were proceeding. As a member, with Paul Hurd, 
of the committee on teacher development we discovered that the 
congressional act specified the funds for precoliegiate audiences. 
Since the teacher training v;ould be done by college instructors we 
had no funds for operations. A pamphlet 'outlining possible ways 
to carry through teacher training was all we could create. 



During these years AAAS w - increasingly active in attempting 
to revise the guidelines cn the ..'^aining of science teachers. With 
numerous colleagues from science education, including Willard 
Jacobson, I attempted to make helpful sugges**ions. The effort -dead 
by John Mayor of AAAS to cast the guidelines into behavioral com- 
petencies was an interesting exercise. However, because I was 
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painfully conscious of the degree to which any guidelines or state 
certification laws were continuously neglected by the schools, these 
efforts by AAAS seem inceresting but unlikely to make any significant 
differences • This was when the wave of students following the "baby 
boom" of the late AOs and 50s was requiring even more teachers with 
the result that schools were hard-pressed to find even reasonably 
competent people as teachers. Despite the leadership of AAAS in 
attempting to improve the training of science teachers, I recall 
that my colleagues in the Association for the Education of Science 
Teachers (AETS) paid little or no attention to these restatements • 

With David Newton in 1967-1968 we made the ROSES Study — Research 
on Science Education Survey, This was done at the request of AETS 
when no one else took the initiative or found tho. funds (the Higgins 
Fund covered much of the cost). From questionnaires and interviews 
with professors and students at many teacher training institutions 
we J^^ned of the discrepancies between what seemed to be sensible 
programs of academi (scientific) training for future science 
teachers and what actually occurred. With a small grant from USOE 
we manufactured and circulated copies of the report to our colleagues 
but the silence was deafening. Possibly some programs were changed 
but we obtained no evidence of such action. 



HAIWARD PROJECT PmSICS 

'^inning in 1962 Gerald Holton and James Rutherford, who had 
been a student with me and Holton, began a small-scale effort to 
rewrite Holton' s college text Introduction to Concepts and Theories 
In Physical Science for potent'al use in secondary schools (5). A 
small grant from the Carnegie Foundation underwrote rel^^ed time 
for Rutherford from his teaching in San Mateo and for materials for 
trials in two schools. Early in 1963 NSF held a meeting at which a 
recommendation was made to fund a second nationwide project in 
physics with rather different emphasis from that of PSSC in an effort 
to enroll more students in physics. With a new possibility opening, 
I joined with Holton and Rutherford to submit a proposax to both 
NSF and USOE, Early in 1964 this was approved and a contract was 
developed between Harvard University and the Office of Education 
with the understanding that NSF would, by interagency transfer, meet 
half the funding. On July 1, 1964, a' small group of physicists, 
teachers, and secre*'arial staff met to begin tho project latev 
named Harvard Project Physics (HPP) • 

During the first summer we attempted to complete the rewriting . 
of Holton' s book to meet our obligations to the two trial schools. 
But very soon we realized that the rewritten text was too lengthy 
and that a new organization tof ideas and "story ^.ine" was needed. 
During 1964-1965, while I was in England and on the continent on 
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sabbatical leave but with three trips back to Harvard, a new struc- 
ture of six major units was developed and first-draft copy was • 
roughed out. During the sunnger of 1965 we brought in 15 experienced 
teachers to become acquainteci with the orientation of the course, 
review the draft cext, and help develop appropriate laboratory activ- 
ities • 

Following trials of che 1964-1965 version and several two-day 
meetings with the trial teachers the entire course was rewritten 
for 1965-1966, From about 300 volunteers 35 additional trial teacher 
were chosen to be reasonably representative of all the schools nation 
wide in size and geography. Several well-known schools were excluded 
e,g, Scarsdale and Grosse Point, for rhey seemed too atypical while 
Cedar Falls, Iowa, and Snowflake , ^Arizona were included. Lamentably 
we had few volunteers from the southern states but we included the 
one volunteer from Atlanta. iHese teachers met for eight weeks 
during 1966 at a summer institute at Pomona College for a- thorough 
briefing with the waterials. 

Already some multimedia materials were being tried, especially 
some programmed instruction developed by Dan Smith and a special 
group, Film^ loops were being made by the National Film Board of 
Canada, Transparencies were being drafted. Articles for readers 
were being sought and trial readers were being produced ^ r school 
testing. Unit tests were being developed and tried. Also, teacher 
resource*^ books were being developed. By 1967-1968 we were, accord- 
ing to our contract, ready for a large-scale trial of the materials 
with a randomly chosen group of experimental and control teachers. 
The 36 experimental teachers ii. that group were briefed with the 
materials during 1967 at a summer institute at Wellcisley College, 
The control teachers were brought in for a few days to inform them 
of their role in testing their students and to provide us with 
pertinent data about themselves. 

By this time some 85 to 90 teachers were using the preliminary 
materials which were completely rewritten each year. Changes in 
concept sequence, time allocation, and emphasis were being made. 
New Taboratojy activities and equipment replaced those vhich proved 
either inadequate or faulty. The film loops were available for 
school trials as were the revised, tests , readers, transparencies, 
programmed instruction, and teachers resource books. Also, the 
entire evaluation operation which had been trieJ with the 1966-1967 
groups was ready to function. 

The project was again funded for 1968-1969 and for a much lesser 
amount for 1969-1970 while the results were analyzed and the project 
closed down. Eventually, after negotiations, th^ expenditure of 
federal funds , ceased on September 30, 1970, 
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By 1968 the three directors were actively seeking a publisher. 
Since the project had been developed under a nnblic domain contract, 
anyone had the right to rewrite the materials icr a commercial edition. 
As part of "anyone," the directors decided to engage in such a re- 
writing with the financial aid of a publisher. But which publisher? 
Separate and private discussions were held with about 21 publishers. 
Many offered to publish a text and student lab manual but no readers, 
programmed instruction, or other materials. Eventually two major 
publishers were willing to underwrite the entire diversity of mate- 
rials and one was chosen. At his expense during 1969 and 1970 the 
entire set of course materials was revised for commercial publication 
for school use beginning in the fall of 1970. 

Throughout these years the three directors/authors met offi- 
cially aL least once a week to decide on the wide range of questions 
needing attention. Rutherford was the fulltime executive officer 
who carried authority for all the operational activities. Holton 
and I continued as fulltime professors at the university meeting our 
classes, serving on committees, advising students, and so forth; no 
salary for^our efforts was charged against the federal funds but 
rather these activities, in lieu of research, were part of the uni- 
versity and our personal contribution to the effort. 

Commercial publication does not end involvement and concern 
but only changes' the focus. The three authors continue to meet 
several times each year and are often in contact by telephone and 
mail. Since 1970 we have made the 1975 revision, produced an 
additional reader, edited and put through press three supplemental 
units, negotiated contracts for English language adaptations useful 
in Canada and in Australia as well as adaptations into Italian, 
Portuguese, Arabic, French, Japanese, and one into Spanish pending. 
Many visitors, including foreigners, come to talk about the orienta- 
tions and materials of the course; There are, of course, numerous 
inquiries by mail and phone. I serve as the central clearinghouse 
for such inquiries and enjoy an interesting series of contacts. 

PUBLICATIONS AND RliSEARQl 

As might be expected several of my publications have made use 
of my astronomical knowledge and interest in the history of science; 
Unit 2 of the HPP course materials is a major example. Teacher 
development, especially a concern for breadth of study in the sci- 
ences, has been discussed in numerous papers and chapters for 
anthologies. In retrospect it is apparent that most of these 
publications were intended to influence policy decisions and were 
not research in the empirical mode. However many of my research 
interests ha^^c been included in theses developed by students. 
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Books I have authored are Betwesn the Planets (7) and coauthor- 
ship with Brandwein and Blackwood of A Book of Methods for Teaching 
Scienae in the Secondary School (1). A casebook on the evaluation 
of HPP written by Wayne Welch, Herbert Walberg, and myself was never 
accepted for publication (9). Publishers asserted that it was too 
narrow — only one example — which is just what we intended it to be. 
Perhaps it will be rewritten, for examples of large-scal>' evaluation 
and implementation efforts are scarce, 

OVEI^EAS INVOLVENfliN^rS 

I have enjoyed various overseas activities beginning in 1958 
as an Organization for Economic Co-operation and Development (OECD) 
observer at an international conference at Keele University, England, 
followed by participation in a similar session in Brussels in 1960. 
The most persistent and perhaps useful activities were around the 
prototype comprehensive secondary school created at Aiyetoro in 
Western Nigeria. In 1962 Harvard contracted with the Agency for 
International Development (AID) to provide partial staff and cur- 
ricular advice in the development of a novel type of comprehensive 
school in recently independent Nigeria. With increasing industrial- 
ization desired by the Nigerians this school was to stress science 
and mathemat.ics , even for the half of the students who would be 
enrolled only for two or three years rather than the five years to 
the 0-level examinations. The U. S. science teachers, former Harvard 
University AYI students, along with other teachers of English, mathe- 
matics, and social studies, were induced to join the Nigerian staff 
to found and operate the school. Presumably they and their Nigerian 
counterparts were to develop curricula on the scene. As a "^esult 
of one previous brief trip to Nigeria in 1961 I concluded . at this 
would be almost impossible and that we should not send emissaries 
over there with empty hands. 

During early 1962, with the help of Douglas Roberts, we out- 
lined a possible program for the first two years of the school. 
Forms I and II. Plans for the three upper Forms III, IV, and V 
could wait until we had more experience. During August of 1962 the 
chosen teachers and several others worked in Cambridge to shape up 
possible material, to order appropriate laboratory equipment, and 
to modify the plans for the science building which was not yet com- 
pleted. In 1963 , after the school had opened, I attended a three- 
week conference in Ibadan where the American and Nigerian teachers 
plus several local advisers and representativ js of the ministry of 
education met to make a first revision in the science courses. 
Subsequently I returned twice more in 1964 and 1967 to work on the 
curriculum to aid in training teachers from other interested schools 
throughout the country. Happily I have rtv^ently learned that the 
school, despite some modifications from the original plans, is a 
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successful and admired institution. The s;-ience program appears 
to be going well after furthe?: revisions and after the corps of 
American teachers had tapered off and then all had returned home. 

Other international involvements have been with The Internacional 
Union, Commission on Physics^ (lUCP) whose session in Sger, Hungary, 
I helped arrange in 1970, Through United Nations Educational, Sci- 
entific and Cultural Organization (U!IESCO) I was involved in 1969 
in an international conference on teaching science held Reh '*oth, 
Israel. In 1971 six of us from the United States visited Japan, at 
their request, to describe HPP. Then in 1972-1973 I spent six weeks 
in Thailand as a constructive critic of the new physics course being 
developed under the auspices of UNESCO and the Thai government. 

Interest in HPP also resulted in several trips to South America. 
In 1968 I was a member of a UNESCO Conference in Santiago, Chili, 
followed by a repeat performance in Cordoba, Argentina. In 1969 
somewhat similar sessions were held in Sao Paulo, Brazil. Brief 
stops were also made in Venezuela. 

MM TBRMLNATION 

By the end of the 1960s when federal support for scholarships 
in education and for curricular developments were drying up, the 
future emphases of HGSE received extensive discussion. ' The critical 
need for more teachers had ended and the MAT program saemed less 
necessary. Numerous students applied but placements were not so 
easily achieved. Further the dean continued to assert that the 
program was financially a drain although no specific budget figures 
were produced to counter those we made which showed that the school 
made a profit on the MAT program. Even I agreed that the MAT pro- 
gram for recent college graduates interested in teaching was not 
likely to yield major impacts on teaching and curricular uses in 
the schools. In the autumn of 1970 the dean appointed a number of 
committees to suggest alternatives. I headed a committee of. which 
all the other members were on term appointments. To their chagrin 
they were put in the position of arguing for the continuation of 
their positions and employment. Ultimately we proposed a continua- 
tion of thB subject area faculty with a shift toward enrolling 
experienced teachers who could modify school programs and the learn- 
ing environments in schools. We lost. After many meetings and 
long discussions the faculty voted early in 1971 to terminate ad- 
missions to the MAT program and rejected the proposed shift to 
enrollment of experienced teachers. Thus by one decision the school 
ended its contacts with schools and schooling via teachers and cur- 
riculum development. Also it meant that the 16 term appointments 
would be ended. During the next year or two I helped my former 
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colleagues pack their books and carry them to waiting cars as they 
moved elsewhere* Other shifts in emphasis also occurred and three 
tenured professors resigned. I didn't. 

Although ^. was heartsick from the decision and lack of like- 
minded colleagues, I chose not to resign. Retirement was only eight 
years ahead. A new dean \.^s coming. Anyway I like the place and had 
no intention of moving or of appearing to have been forced out. Since 
I had not been working closely with the few MATs my instructional 
obligations changed little. However the subsequent demise of the 
AYI prd*gram .removed the last ol the experienced teachers who had been ^ 
of such thterest for many years. As a result of my previous involve- 
ment in a variety of curriculum development projects I began offer- 
.Ing a general course on the *'nuts and bolts" of curriculu^n develop- 
ment, ranging from' ideas and people to publishers and implementation. 

The doctorate program continued with some fine and exciting 
sf*udents.. But we"^ have graduall*' reduced the number admitted with 
the intent of having everyone degreed at the time of my retirement 
In June, 1978. Analysis with students of the four-year and then the 
sev'^n-year longitudinal follow-ups on the students enrolled during 
1967-1968 in the HPP trials, both experimental and control groups, 
is providing evidence about the developing ca^'^eer interests of this 
group of able young adults and their attitudes toward science and 
its involvement with social problems. Also, being chairman of the 
committee on degrees for three years ha? provided contact with many 
students throughout the school and allowed me to feel useful to the 
institution. Perhaps as a consolation prize the total financing of 
the "science ed. shop" was shifted from the dean's budget to an 
enlarged Higgins Fund grant administered by the president of the 
university. 

^ 9 

When. I initially made the shift from astronomy to education 
my previous mentor. Professor Bart Bok, said that I would lose my 
friends in science despite my continuing membership in Sigma Xi, 
AAAS, AAPT, and other groups. This was correct. O/er the years 
I gradually chose not to attend the scientific colloquia held"* 
around the university on various esoteric subjects. 'I began to 
realise the social dir;ensions of educational efforts and the need 
for considering how the wide' range of learners did learn what we 
presented. In a current report from the National Association for 
Research in Science Teaching (NASST) on potential research for, 
submission to the National Institute of Education (NIE) , I observed 
that "science education" was more appropriately seen as "education 
in science" and that of the two aspects "education" was primary. 
This appeared to disconcert some of my colleagues. Over the years 
I have moved somewhat from the reassuring identification of being 
a scientist, with all the ego-satisfaction it carries, to attempt- 
ing to be a generalist concerned with children, learning, schools. 
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curriculuui, teachers, instructional materials, finance , and the 
pc'^itics of implementation. Certai'-.ly a background of knowledge 
abi. t the history and philosophy of science as well as assorted bits 
of very specific scientific information rerictins essential but to me 
the educational components have gradually taken precedc^nce. The 
range of topics with which I should be co^^petent is staggerir,^; it 
ranges from sophisticated statistical procedures, through computer 
operai;ions (which I never learned), the history and philosophy of 
science, the interaction of science in the social world (through 
both philosophy and technology), to learning theory, instructio'^al 
procedures, school organization, and the dt^velopment of insights 
by teachers. At best I have only < nodding acquaintance with many 
of these dimensions but a concern for them comprises the mix from 

which i attempt to guide students and make my own decisions. 

•y 

The "science ed, shop" xs Known through the school as a happy 
place, perhaps a Denevojont despotism. The continued opportunity 
to work with young, enthusiastic students spills over onto the 
faculty; we don't grow old. Central in the happy environment has 
been our devoted secretary and mother-surrogate^ Sylvia Kovitz, 
who for 15 years has handled a multitude of re "insibilities and 
personal problems with skill, sympathy, and discretion. 

So there it is — the story of txcitjlng involvements aud in- 
evitable 1 >appoi: mento with hints of my changes in perspective 
during 30 ye£.rs. The inconsistencies of current curricula with the 
intensifying social needs for understanding what science is and is 
not and how results may be thoughtfully utilized by society cause 
me to be excited about the need for drastic curricula; .hanges in 
substance and intent during the years just ahead. Science education 
continues to be an exciting, dynamic i>tuay having increasi. social 
importance . 
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Stanley E. IHllianson was born in Nebi'aska in 2920. His early 
education was obtained in Kansas and Nebraska schools^ but his 
higher education degress geographical L}j cover the United States. 
He was awarded his B.A. from Nebraska Wesley an University in 
2932, his M.A. fron Teachers College^ Columbia University in 
2926, and his Fd.D. from the University of Oregon in 2955. 

After graduation fron Nebraska Weoleyan University Dr. Williamson 
served five years as a secoidary biology teacher and as chairman 
of the science department in a Nebraska high school. From 2936 
until 2943 he served as scie^ine supervisor and chairman of the 
science department of the University High School^ University of 
Oregon. He served as principal of the University High School from 
2943 until 2946, when he moved to Oregon State University as 
Professor of Science Education and Chairman of the Department of 
Science Education. Dr. Williamson served as chairman until 2972 
when he was appointed Dean of the College of Education at Oregon 
State University, a position he held until his retirement in 2975. 
He was awarded the rank of Emeritus Dean of the College of Educa- 
tion and Professor of Science Education in 2975. 

Dr. Williamson has been l 'tive in numerous professional organiza- 
tions including NSTA, NARST, AETS, IISSA, NABT, AAAS, and The 
Oregon Science Teachers Association, he was elected a fellow of 
AAAS. He held offices -''n tlABT including Vice-President in 2968. 
He served as Western Vice-President of NSTA from 2953 until 2955. 
and was national president in 2963. He also served too terms on 
the NSTA Board of Directors and was awarded the .Robert //. Carleton 
Award in 2973. 

In addition to his regular duties as Professor of Science Education 
and Department Chairman, Dr. Williamson directed numerous NSF 
institute programs between 1957 and 2975. He served on the BSCS 
Committee in Teacher Preparation and on the Steering Com;nittee from 
2964 until 2970. He taught in India as pari, of a U.S. AID program 
in 2966 and directed institutes in Hawaii during the swmers of 
2967, 2969^ and 1970. He has served as a consultant in Australia and 
was a member of the OregoyL State Standards a>id Practices Conmiittee 
of the State Board of Education for six years serving one year as 
Vice -Chairman. 

Dr. IHlliofnson has published in education and science education 
journals. He coauthored a ch^ptgr in the 59th ^ISSE Yearbook, and 
books on science sui^rvision and science teacher education. He has 
contributed chapters to several curriculum and science education 
publications. 
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During the past 75 years there have been numerous changes in 
education, and mor'' specifically in science educatio:\, than in any 
period in Ai.^^^rican history — changes in basic educational philosophy, 
learning psychology, curriculum, and methods of teaching. From the 
beginning, scho.-ls in America were establislied with the belief that 
a democratic ionn of government depends, for its values and effective- 
ness, upon citizens educated to understand and direct intelligently 
their lives and the affairs of the nation. To achieve this goal the 
basic principles of American education focused on such terms as: 
free and universal^ publicly supported and controlled^ ncnsectarian 
and compulsory^ and with equal opportunity for all. 

Such a system of public education must through necessity closely 
identify with the society which nurtures and supports it; in turn 
this system of public education invariably is influenced by social 
conditions prevalenu in that society. At any giv^n tiine in history 
crises in society directly or indirectly effect school organization , 
financial support, programs, and teaching emphasis. Reviewing the 
problems and issues in science education during this c^ *-'irv is ^ 
review of American history — the crises and the periods of grt growth 
and progress. Programs in science education have adjusted to .changes 
in society by frequent modification of philosophy, objective? cur- 
riculum, and teaching strategies. Science* program changes 1 i not 
always been the. result of careful and deliberate planning or une 
part of science e-'Mcators for periods of social crises demand im- 
mediate action in -he solution of social, political , or economic 
problems. As a result leaders in science education have been forced 
many times to play a "cacch-up*' role rather than a "leadership role" 
in the research and development of the kinds of programs most appro- 
priate for a specific time and place in h^^^tory. 

Education, especially science education, has been periodically 
severely criticized throughout this century by professional groups, 
the news media, scientists., and "ihe Jay public* Critical questions 
have been raised regarding the general relevance of science programs, 
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quality of the curriculum, teaching procedures, and teacher effec- 
tiveness. While critical of science and science teaching, most 
acknowledge the fact that science and technology have played an 
extremely important role in the evolutionary development western 
culture • The probl^'ms that emerged from applying rcientific advance- 
ment and technological developments were complex and difficult to 
sclve for they permeated every segment of society. Man has f c and 
it more and more difficult to come to terms with nature, to live 
with it, to understand it, and to control it. Scientists and tech- 
nologists have created a new kind of world and have had, and will 
continue to have, great influence on the social, political, and 
economic segments of our culture. 

While Gcience and technology have made many contributions to 
society they have at the same time created problems, many of which 
should be 1 concern to science^ educators. In 1964 Polykarp Kusch 
stated: 

Science has all but banished the need for superstition 
and the blind acceptance of dogma; it has caught man that 
the Universe is ordered and has revealed the elements of 
that order. It has, with technology, shown man how to 
improve his physical conditions of life, and has greatly 
enlarged the dimensions of man's world through travel and 
communication. 

He further reminds us 

. . , that though sci .ce has removed the need for super- 
stition and the life of extreme hardships, both super- 
stition and hardship persist in the xives of a large per- 
centage of the inhabitants of this earth. For others, 
science has in their minds and emotions become the object 
of the same mystical reverence that the priesthood of an 
earlier era eiijoyed — it is believio to be the source of 
all wisdom and truth to which access is r^o difficult, the 
rights of initiation to the cult so arduous that access 
must be denied except for a few of the elect (8). 

The explosion of scientific knowledge during this century has re- 
sulted in a certain mysticism about science, a belief on the part 
of some in the magic of science which often leadi:' to mistrust. 
Everett Mendelsoln alluded to this in suggesting that 

1. The arrogance of contemporary science must be replaced . 
with modes ty« V 

2. Accessibility is a must for science — allow people in, 
demystify uhe knowledge, using language understood by the 
general public. 
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3. Science must be reconstructed to be nonviolent, noncoercive, 
and nonmanipulative. 

4, Science must be in harmony with nature (9:7-8) • 

One may question the effect science teaching has had during this 
century in producing significant ch.mges in the public's view of 
science. 

The task of the science educator in preparing youth for decision 
making in a complex technological world becomes more difficult with 
each passing year. Not only must students understand structure, 
processes, and conceptual schemes of science but limitations of sci- 
ence as well. As one reflects on the changes in science education 
during this century several key questions come to mind: What ,-rogress 
hc.s been made in the -basic philosophy of science education, curricu- 
lum, and teaching strategies? What conditions in society have in- 
fluenced these changes? What has been the rola and responsibility 
of science educators in initiating change? How successful are current 
science programs in meeting the needs of youth preparing to live in 
the twenty-first century? Regardless of the many efforts made to 
improve science education during the past 75 years we enter the last 
quarter of this cennury with many unanswered questions, unsolved 
problems, and unresolved issues. 



In a democracy, schools are inevitably influenced by the wishes 
and demands of the society which gives them support. While they are 
but one agency among many responsible for transmitting culture, 
schools appear to be the only agency which society, broadly con- 
ceived, directly controls economically and politically. As a result 
society expects ..the schools to meet its needs in good times and in 
periods of crises. A review of the history of American education 
during the twentieth century .reveals that it is tne periods of crises 
that have had the greatest impact on society and in turn the schools. 
To really understand the development in science education during 
the past 75 years it is essential that ore study the major social 
crises to discover their impact on public education and the attempts 
made by science educators and others to assisr. society in seeking 
solutions to its problems. 

The Enrollment Crisis at the Turn of the Twentieth Century 

With the dawi:ing of the twentieth century came ever increasing 
numbers of youth seeking real or imagined benefits from education. 
Increased enrollment (500 percent between 1890 and 1915) brought a 
radical change in the concept of American education, both elementary 
and secondary. There v;as a move from the European pattern of 
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education for a select few to schools responsible for educating all 
the youth of America, There was widespread dissatisfaction in society 
with the static organization and offerings of schools and '^.issatis- 
f action with the schools', inabi lity to meet the interests, needs, 
and abilities of a more heterOfe^neous enrollment. The Junior high , 
school evolved as an important part of the reorganization movement and 
was designed to provide 

1. Greater opportunity for teachers to experiment with curriculum 
materials, thereby adopting concent and methodology to the 

' needs of students. 

2. Programs that would enable some students to terminate their 
educational program in the ninth year. 

3. Exploratory courses that prepared other students for further 
stu^y in high school and college. ^ 

With the junior high school came significant changes in the sci- 
ence program. Attempts were made to design new courses (fused or 
integrated) in biology, general science, and practical courses in the 
physical sciences. General science, in particular, became popular 
and provided opportunities for curriculum innovations, experimentation 
and research. Several factors contributed to the rapid acceptance of 
general science and other science courses offered at this level, 
namely : 

1. Students leaving school after the 9th grade, frequently as 
high as 40 percent. 

2. Need for knowledge of the physical sciences in studying the 
biological sciences. 

3. Need for an introduction to each of the sequence of high 
school science courses, 

4. Decline in enrollment in secondary school science courses. 

This marked the first -real effort on the part of science teachers 
to break from tradition by actually preparing and experimenting with 
course materials that adapted content to the pupils' iranediate environ 
ment using large unit areas such as atmosphere, earth, life, and energ 
01 through attempts at integration. The new programs were most suc- 
cessful. Enrollment in science increased and the program received 
general acceptance by the Central Association in 1913, by the Com- 
mittee on Reorgani?.ation of Science in^l920, and by the Commictee on 
Teaching Science in 1932. While much effort wa£ giv^n to the junior 
high school science curriculum during the first. qua7;ter of this cen- 
tury, it reached a plateau and remained relatively static for the 
next 50 years. Content has vacillated from science topics, to broad 
environmental problems, back to content again depending upon periodic 
conditions and the needs of society. Although experimentation con- 
tinues in curriculum design and development at this level, there is 
little evidence that science programs for junior high school students 
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today are any better. Neither have current curriculum materials 
solved the problems identified by science educators at the turn of 
the century. The question remains: What knowledge is of most 
worth — for youth at this age level, living at this time in history, 
in this social setting, and beset with problems of this ever-changing 
technological world? 

The junior high school science program was quite well-conceived 
with adequate objectives, content, and teaching method but the im- 
plementation of the program was severely handicapped by inadequate 
provision for the preparation of general science teachers. Few 
colleges of education had programs for the special preparation of 
teachers working at this level in terms of philosophy, psychology, 
curriculum design, and methodology. Prospective science teachers 
were generally given extensive preparation in one or more of the 
basic sciences and thus failed to see the importance of integrated 
courses designed to meet the interests, needs, and abilities of a 
heterogeneous group of students. Thus far science educators have 
failed, for the most part, to resolve this problem through modern 
teacher education programs. 

Effect of World War I and II on Science Education 

Before the public schools made satisfactory adjustments in 
facilities, cui ,icula and teaching practices to meet the enrollment 
crisis. World War I became a reality. Wars in the twentieth century 
were global in nature usin^? many of the world's resources, both human 
and physical, thereby disrupting the normal lives of people of all 
ages. Such a crisis situation placed special pressures on the schools 
to provide trained personnel in the basic sciences, health sciences, 
and for young men mentally and physically prepared for service in a 
war-torn world. Society demanded immediate program revisions to 
offset such apparent inadequacies. 

Change was slow and difficult and 23 years later with the be- 
ginning of World War II many of the same problems still existed. Now 
the crisis in society was e/en greater than before, resulting in many 
crash curriculum changes in science, health, physical education, the 
"languages, and in the social sciences. Science educators respond.^d 
by making major adjustments in course offerings and in developing 
numerous specialized courses such as preflight aeronautics, funda- 
mentals of radio and/or electricity, and other courses directly re- 
lated to the war effort. Crash science programs, usually lacking ^ 
in thoughtful planning and development and designed to solve special 
programs, are usually of short duration; this was <^'sp^?cially true of 
science courses designed during this period for 10 years after World 
War II. Most specialized courses were dropped from i:he science 
program as tensions; in society eased. 
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World War II was a war of technology • Society had accepted that 
technology with its requisite demands was a basis for survival in a 
peacetime world. During the war years the value of the science instruc- 
tion as revealed by science courses was seriously questioned. The 
emphasis on consumer and gental education in the depression years 
was in conflict with the needs of a technologically-oriented society 
and career needs in highly specialized fields, i.T-iether science should 
be functional in meeting the needs of young people or should be taught 
with emphasis on the scientific enterprise and the preparation of sci- 
entists and engineers was the subject of numerous debates. The reports 
of special committees and/or commissions — such as the National Committee 
on Science Teaching in 1942 (4), the Educational Policies Commissi Dn 
(EPC) in 1944 (6), th« Harvard Report: General Education in a Free 
Society in 1950 (14), Science and Public Policy--President' s Scientific 
Research Board (13) , and the National Society for the Study of Educa- 
tion's (NSSE) Forty-Sixth Yearbook Science Education in American 
Schools in 1947 (11) — recognized the importance of science K-12 in 
maintaining a democratic society and recommended that science programs 
be designed to provide scientific literacy for all and individuals 
who are prepared to assume active roles in a scientific and techno- 
logical society. 

Because of the immediate needs of the war years improved teach- 
ing procedures and curriculum reform never fully materiaHzed. The 
lack of a viable learning theory and a shortage of qualifi.ed teachers 
and school^-ifacilities and equipment made curriculum innovation and 
research all^but impossible. However, society became fully, aware of 
the importance of science in preparing literafe citizens and in solving 
the problems and issues of the day. 

The Depression Years ^ 

For the first 30 years of this century education had the; support 
and confidence of the American people. With the beginning of- the 
Great Depression in 1929 this attitude changed. The schools and 
other social institutions were severely criticized as being aimless and 
ineffective, lacking in leauership and programs appropriate for the 
times. Educational budgets were slashed for the first time in Ameri- 
can history. The number of students per class increased, the school 
year was shortened, annual salary increments for teachers denied, 
and building programs curtailed or eliminated. Teachers and adminis- 
trators felt punished by society because educational theories were 
being challenged at a time when demands on schools were increasing 
due to tne depression. Special criticisms were made of elementary 
and secondary schools for low standards of discipline, quality of the 
curriculum, and inadequate preparation of teachers. 
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Professional educators rebuked the teachers for their self-, 
satisfaction and inertia, charged the schools with responsibility 
for the spread of crime, political corruption, and increasing divorce 
rates. Some critics believed that from 30 to 50 percent of the sub- 
ject matter content of the curriculum could be deleted without loss 
H to students or society. Even the press contributed to the frustra- 
tion of administrators and teachers through its criticisms — never 
had so much been written about the schools. 

As in previous social, political, or economic crises situations 
rchool personnel reacted to the criticisms by rethinking educational 
philosophy, learning psychology, curriculum materials, and teaching 
methods. Curriculum committees, national organizations and associ- 
ations, and commissions made significant reports based on the ever- 
increasing importance of science and technology and the personal, 
social, and economic welfare of individual students. Many were 
critical of science courses based on the memorization and recitation 
of unrelated facts and encouraged the development of courses that 
emphasized change in attitudes, development of problem solying 
abilities (thinking), and the intelligent self-direction of students. 

Two publications appearing during the depression period — the 
NSSE Thirty-First Yearbook, A Program for Teaching Science in 1932 
(10) , and the Progressive Education Association Science in General 
Education in 1938 (1) — greatly influenced science eoucation during 
this period and for years to come. To many science educators they 
stand as milestones in the history of science education. The com- 
mittee preparing the NSSE Yearbook considered every major problem 
in science education: ^ ' 

1. Development of a theory of science education. 

2. Aims and .objectives. 

3. Selection of course content. 

4. Organization of content (units). 

5. Suggested teaching and laboratory procedures. 

6. Evaluation. 

7. The sequence of courses. 

In the final analysis this yearbook made three major contributions-- 
all of which were new concepts to the field — to science teaching: 

1. It supported a K-12 science program. 

2. It organized course content around t .e major pi"iacipies and 
generalizations of science. 

3. It emphasized the importance of teaching procedures. 

Science in General Education was a report of the committee on 
the function of science in general education of the Commission on 
Secondary School Curriculum established by the Progressive Education 
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Association (PEA) in 1938. This publication reported on: 



1« A basic point of view on the purpose of general education in 
a democracy and the function of science teaching in relation 
to it, 

2. Analysis of the role cf science teaching in providing ex- 
periences in personal livings in immediate personal-social 
relationships, in social-civic relationships, and in economic 
relationships, 

3. Understanding the student cs a unique personality and evalu- 
ating his progress toward an ever-increasing personal ade- 
quacy and social ef fectiveness, 

4* Suggestions on how to meet student needs, how to understand 
the student, how to reorganize courses, and how to build 
resource units • 

A chapter on "Teaching Science in Ways to Encourage Reflective Thinking" 
is a highlight of the book and served as a model for future curriculum 
design and^v development • 

Both publications were to have a profound influence on science 
education for years- to come and for the first time in this century 
efforts were made to develop a theory of science education based on 
viable 'learning theory and tailored to meet the needs and interests 
of students rather than adult needs as conceived by previous teachers 
or curriculum makers. Greater provision was made in Curriculum plan- 
ning for student initiative and participation. Subject-matter lines 
became less important and content was organized around broad topics, 
problems, and projects that were closely related life activities of 
youth. Some efforts were made toward developing integrated courses, 
particularly in the earth and physical sciences. 

Progressive education rose to prominence during the depression 
years. li\ fact it served to meet the social needs in a period of 
crisis and began as a part of a humanitarian effort .'to apply the 
promise of the American dream — an effort to improve, the lives of 
all American youth. Lawrence Cremin defines progressivism in edu- 
cation as meaning: 

1. Broadening the program and function of the school to include 
direct concern for health, vocation, and the quality of 
family and community life. 

2. Applying in the classroom the pedagogical principles 
derived from new scientific research in psychology and 
the social sciences. 

3. Tailoring instruction more and more to the different kinds 
and classes of children who are being brought within the 
purview of the school. 
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4, The radical faith that culture could democratized without 
being vulgarized; the faith that ev ryone could share not 
only in the benefits of the new sciences but in the pursuit 
of the arts as well! (3:viii-ix) 

Progressivism in the thirties was essentially a worldwide 
response to industrialism. Its failure, if one insists that it failed, 
was due to the efforts of critics to express disapproval of the present 
in favor of the past. The concept of progressivism was challenged 
because of an erroneous and superficial understanding of its philosophy 
and procedures on the part of those attempting to implement it into a 
program of action • ^'his was not only true in general education but 
in science education as well. However i the results of well-designed 
research programs show that progressive education properly applied 
did prepare students who were not inferior in basic fundamental edu- 
cation as some predicted and did reveal superior growth in self- 
reliance, initiative , vcreative abilities, and self-expression. It 
became apparent during the depression that schools were only one 
means of transmitting culture among many other agencies; each social 
organization had its own curriculum whether it be the family, tie 
church, the employer, or any other group and each teaches just as 
deliberately and systematically as the schools, Progressivists 
advocated that it was the responsibil^zy of the school to work co- 
operatively with each group for effective and complete learning. 

Programs in science education during the depression years were 
modified quite drastically in an effort to meet the identified needs 
of students. Changes were made in basic philosophy with major empha- 
sis on reflective chinking, personal health, personal-social rela- 
tionships, social-civic relationships, and economic relationships; 
in content selection and organization (broad units); in teaching 
strategies, student activities, and in evaluating student progress. 
Efforts were made by some science educators to corr^ilate science 
with other subjeci: areas (English and/or soci science), to integrate 
the basic science areas into one general course (physical science, 
consumer science) and to make all science c ^urses more practical for 
students. As a result school districts, curriculum consultants, and 
teachers spent much time and effort in designing and writing new 
courses of study in science and in developing many new courses of 
programs without the benefit of funding outside the local school 
district. 

It is interesting to speculate on "what might have been" had 
the educational and learning t>heories of the thirties not been 
interrupted by another major social crisis — World War II. There 
are definite continuities and similarities between attempts for 
educational reform coday and the progressive education movement of 
the thirties. Social conditions in a highly affluent society have 
problems similar to those in a deeply depressed society — the need 
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to understand the world we live in, to develop a workable value 
system, to acquire the skills necessary in decision making, and to 
learn to control individual and group behavior in a responsible way. 
These are of utmost importance in a technological society* 

Today's science educators may find much food for thought in a 
careful study of science education during the depression years and 
the contributions made by the progressive education movement. The 
work of John Dewey, William H, Kilpatrick, Joseph Justman, George 

Counts and the numerous reports of EPC and many other individuals 
and/o'i. groups may be most helpful in analyzing- societal problems and 
in determining the role of science education in planning for the 
future. If nothing more, such a careful study may in part remove 
the necessity of rediscovering the wheel every 20 years or so. 

Science Education in Uie Space Age - - Crisis in the Classroom 

Following World War II local, state, and national groups began 
studying the changes and/or improvements needed in elemep^^^ry and 
secondary school science teaching. Industry designed^ developed, 
and distributed many new science teaching materials and in some 
instances' provided funds to support science teachers attending 
special summer institute's for curriculum study and revision. With 
the launching of the first Russian satellite in 1957 the federal 
government, through the National Science Foundation (N3F) , provided 
funds to suppont the development of new curriculum materials and to 
retrain science teachers. This interest in science education was 
in fa'zt due to the explosion of scientific knowledge, the influence 
of World War II on the growth of science and technology, and tne 
need for scientist? and engineers. 

For the second time within a period of two decades che schools 
were severely criticized by segments of society who were protesting 
the inadequacies and inequities of science programs and courses. 
The problem wa^ furthc " complicated by the fact that the critics 
were polarized with some believing in strict regimentation and highly 
structured, theoretical science courses and others advocating a more 
flexible, practical approach in an effort to laeet the nejids of youth. 
Because of the immediate needs of society for scientists and engineers 
the former group was more per.suasive in receiving "grants for cur- 
riculum design and development. 

The literature on science education during the late fifties and 
sixties was abundant and controversial. The National Science Teachers 
Association (NSTA) position paper on curriculum development in science 
argued for three aspects of the scientific enterprise to be included 
in the science curriculum; 
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!• Descriptive science or natural history as a basis for 
scientific inquir>. 

2. Science proper, for its intellectual challenge. 

3. Technology for its practical application (5). 

The association through its conference of scientists in November of 
1963 attempted to develop a ''theory of science education" by Paul 
DeHart Hurd in its publication Theor*y Into Actioyi and to identify 
tihe conceptual schemes and major items in the process of science 
(7:5-15). Many other individuals, groups, or associations joined 
in the debate. Two publications appeared during this period which 
had some impact on educational procedures — A. S. Neill's Swmerhill 
in 1960 (12) and Charles Silberman's Crisis in the Classroom in 
1970 (15). Both authors argued that the crisis in the schools was 
little mote than a reflection of the crises in American society and 
their w ^(>gested recommendations for improvement were similar to 
those s ogested by the progressive education programs 30 years before. 

In the final analysis the pressures of a technological society 
and its need for scientists and engineers prevailed with the develop- 
ment cf curricrluru materials that were rigorous, theoretical, and of 
high quality. In a 15-year span millions of dollars were spent on ^ 
designing science courses K-12, on classrooms and equipment, on 
teaching aids, and on teacher preparation. Interest was generated 
in science teaching and the needs of science teachers and the lay 
public became aware of tl 2 importance of science in solvi.ig mans' 
social, political, and economic problems. As good as the newly 
designed curriculum material's- appeared to be, certain weaknesses 
became apparent — they were not based on a common theory of science 
education in the overall education program, on couonoii objectives, 
or on a general notion as co just what contribution science educa- 
tion should make to the individual and to society. Lacking th-'*s 
sense of direction, groups preparing curriculum materials appeared 
to go their separate ways having in common severe criticism of exist-- 
ing science courses and the general notion that whatever was pro- 
duced in the way of curriculum innovation and revision "if it was 
good for science, it was good science." This is not to imply that 
the efforts of curriculum makers during the sixties were wasted 
time and effort — not true. For the most part these curriculum 
makers were interested and dedicated individuals and for some it was 
a great personal and professional sacrifice to work at an activity 
for which they lacked preparation in philosophy, psy':hology, and in 
some instances professional education. They v;ere successful in 
producing greater numbers of scientists and engineers to help 
society through the crisis of rhe space age. However, as Jn the 
past, curriculum materials conceived in a period of crisis are 
subject to question and since they arc revolutionary rather than 
evolutioitary they tend to lack the flexibility needed in a rapidly 
changing society. 
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It raupt be said, In all honesty, that nany of the new courses 
never had the chance for success they rightly deserved. Professional 
educators, scientists, and politicians could not have predicted the 
social changes i ^. Ainerl^a and in the world that occurred during the 
mid-sixties and early seventies. The war in Vietnam, space explora- 
tion, national and international political scandals, the energy 
crisis,, population control, and the over-product- * :n of specialized 
personnel together produced a new crisis situar ^n in society. It 
was a period of questioning the programs c ^nce education in, the 
schools, the goals of society and social uar^Jit particularly among 
the young, an''' a search for relevance. Again science progra-ns" were 
challenged as to their effectiveness in preparing young people with 
the kind of tools needed in decision making and in solving a multi- 
tude of social, political, economic, and environmental problems. 
Again society called for an evaluation of its schools, demanding 
an educational program designed to meet change and the p.reparation 
of youth capable of influencing the direction of change so that 
further crises might be avoided. It appears, on analysis* that past 
science programs have been too self- contained, lacking in tneir effort 
to relate to the total environment, other institutions, or agencies 
of learning. To be most effecti ;e , science programs should be de- 
veloped that interrelate with other areas of- the curriculum, with 
the environment, and with all aspects of society. This may be one 
way that members of society may solve and/or resolve crisis situa- 
tions and it may be the only way crises can be avoided. 

IN CONCLUSION 

For three-quarters of a century science education has been ±n 
a state of crisis and confusion in terms of a viable theory, content 
selection and organization, teaching methodology, and evaluation. 
Through the years many changes in individual science courses and in 
program design have been attempted but alv/ays in an effort to adjust 
to an existing crisis in society and infrequently reveai ng the * 
thoughtful, evolution ry development—so desperately needed — based 
on research, preparation, and experimentation. With a ne". social 
crisis occurring every 10 to 15 years and with the accelerated de- 
velopments in science and technology it was all but impossible for 
curriculum makers to adjust courses and programs to rapidly changing 
needs of society . Unfortunately science educators did not assume, 
or were denied for one reason or another, an active leadership role 
in the orderly preparation of science programs needed to prepare 
scientifically literate citizens who are capable of living in, and 
•:justing to, a world of change. 

There are mav^y lessons to be learned froia the efforts made, and 
experiences gained, in science education over the past 75 years. 
The frequent efforts to rethir'' the science curriculum has not at 




this point in time provided a viable'x ttTedry of science education — 
one designed to m^-ct*^ the challenge of\ change in *a modern technologi- 
cal world v/i'th its many problems and provide the intellectual tools 
necessary for life in the twenty-first century. We enter the last 
qtiarter of this cttntury searching for science curriculum materials 
♦•^at have survival value, that prepare younj^ people to understand 
change, and that accept some responsibility in directing chapge. 

The acquisition of propositional knowledge, scientific skills, 
and the understanding of biological and physical phenomena in sci-v — 
ence teaching is not enough. Of equal importance, and possibly* for 
life in the next century of even greater importance, are habits of 
reflective thinking, attitudes and interests that enable one to 
live in, and adjust to, changing cultural conditions. EPC providea 
a sense of direction in this area in its publication Education and 
the Spirit of Science in 1966 by identifying seven values which 
underline science and should be required in the 'education of youth. 
They are : 

(1) Longing to know and to understand^ (2) Questioning 
of all things, (3) Search for Data and their meani ig, 
(4) Demand for verification, (5) Respect for logic, 
(6) Consideration of premises, and (7) Consideration of 
consequences (5). 

To teach for these values would require consideiable madification of 
existing theories of science education, content selection and or;];^^^'' 
zation, and teaching procedures. It wo aid demand that science edu- 
cation, scientists, psychologists, social scientists and philosopher'^ 
work together ovet an extended period of Mme in planning further 
evolutionary developments in science e4ucation. Curriculum design 
and development cannot be entrusted to a select few representing 
subject areas or special groups but must include the input from many 
segment: -f ^iociety and draw from other institutions invoLved in the 
.educative process. 

One can be sure that periodic crises in society, both nationally 
and internationally, will continue in the future. It therefore * ^ 
seems imperative that we not only plan for -.risis situations but 
that serious study and consideration be made of the conditions and 
events influencing science education in the past. To prepare for 
changes in society is no easy taslc for ^ do net know with any degree 
of certainty what discoveries in scien 'r developments in tech- 
nology may have impact on society and i. ^urn on the schools.* A 
clue to what is needed may be found in George S. Counts' Education 
and American Civilization when he writes: 

0- 
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There is no quick and easy way to a great education. 
There is no simple device or formula Cor the achl^vrement 
of this goal. Such an education cannot be derived from 
a study of the process itself, nor can it be found in the 
interests of children, or in any number of "great books.*' 
It: can come only from a bold and creative confronting of 
nature, the values, the condition:^, and the potentialities 
of civilization. An education can rise no higher than the 
conception of the civilization that perceives it, gives it 
substance, and determines its purpose and direction (2). 

And so it is with science education Cor an adequate program cannot 
come from the study of science and the processes of science alone, 
or from the immediate interests of young people, or from the im- 
mediate needs of society, or from elaborate theories of education 
Rather an adequate program in science education must come from t'^e 
study of, ^nd reflection on, the knowledge and aspirations of tne 
society which supports the scientific endeavors and gives it pur- 
pose and direction. 

It is time Cor a critical evaluation of what we have done, 
what progress has be^n made, and where do we go from here, \fliat 
is nceder' is not -another curriculum writing project, at least not 
until there has been sufficient time and effort tpent in researching 
our successes and our failures the needs of society, and what is 
really needed from science education to cope with the problems of 
tomorrow. The past 75 years have been exciting jn science educa- 
tion; the challenge of tomorrow luake the years ahead appear even 
more so. 
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